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Januabt  4, 1 881. 
Dr.  Jos.  Leidy  in  the  chair. 

Twenty  persons  present. 
i 

Bhizopods  as  Food  for  Young  Fishes. — Prof.  Leidy  remarked 
I  that  last  September  he  had  received  a  letter  from  Mr.  S.  A.  Forbes, 

I  of  the  Illinois   State   Laboratory  of  Natural  History,  Normal, 

!  Illinois,  stating  that  the  young  of  some  of  the  suckers  (Gatasto- 

\  midae)^  Hypentelium^  Myxostoma,  etc., "  have  the  intestines  packed 

I  with  tests  of  Difflugia  and  Arcellay    Later,  Mr.  Forbes  sent  two 

I  slides,  with  some  of  the  intestinal  contents,  for  examination. 

The  slide  with  food  from  the  intestine  of  the  large-scaled  Mullet, 
Myxostoma  macrolepidotumy  from  Macinaw  Creek,  contained  the 
following  species: 

r 

DiTFLUGiA  GL0BUL08A.    Shell  of  rather  coarse  sand,  with  larger  grains 
f  around  the  mouth ;  mostly  in  the  shape  of  the  segment  of  an  oval,  with 

Uie  oral  pole  truncated.    Most  numerous  form. 
r  Measurements  of  a  number  were  as  follows : 

1.  Shell  0.18   mm.  long ;  0.162  broad ;  oral  end,  0.103  broad. 


a 

"     0.18     " 

i( 

0.156 

"         0.102 

3. 

"     0.156   " 

•  • 

0.15 

"         0.072 

4. 

"     0.174   " 

a 

0.156 

"         0.09 

5. 

"     0.198   " 

a 

0.168 

"         0.096 

6. 

"     0.198    " 

<< 

OJ^l 

"         0 108 

DiTFLUGiA  ACUMINATA.    Shell  mostly  slightly  unsymmetrical ;   some 
with  a  slight  neck,  straight  or  slightly  everted  at  the  mouth ;  a  few  with 
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two    points  to  the  summit;  usually  of  minute  sand  and  comparatively 
smooth.    One  oblique  form  noticed  (No.  6),  approaching  2>.  constricta. 

1.  Shell  0.18  mm.  long  ;  0.108  broad ;  oral  end  0.06  broad. 

2.  Shell  of  same  size,  but  with  a  short  neck,  slightly  erected  and 

undulant  at  the  border. 
8.  Shell  0.18    mm.  long ;  0.114  broad  ;  oral  end  0.048  broad. 
4.      ««     0.198    "        **      0.102      "  "        0.06        " 


5. 

«( 

0.18      " 

II 

0.114 

II 

II 

0.00 

6. 

II 

0.162    " 

II 

0.09 

II 

II 

0.06 

il 
II 


No6.  1-3  of  fine  sand,  and  smooth  ;  Nos.  4-6  of  coarser  sand. 

The  slide  with  food  of  Eremyzon  succetta.  The  material  apparently 
consisted  of  the  superficial  sediment  of  the  water,  and  contained  entomos- 
tracans,  rotifers,  (Apterous  larvae,  desmids,  diatoms,  etc.,  together  with 
the  following : 

DiFFLUGiA  GLOBUiiOSA.  Shell  0.15  mm.  long,  0.138  broad ;  oral  end 
0.078  broad. 

DiFFLUGiA  L0B08T0HA.  Shell  with  tdlobcd  mouth,  0.09  mm.  long, 
0.078  broad ;  mouth  0.08  wide.  Several  measured  of  the  same  size ; 
others  slightly  smaller.    The  most  common  species  present. 

DiFFLUGiA  PYRiFOBHis.  Shell  0.42  mm.  long,  0  21  broad,  at  mouth 
0.09  broad. 

Arcblla  vulgaris.    Variety  with  pitted  shell. 

Arcella  DIBG0IDE8.  Shell  0.18  mm.  broad,  mouth  0.026  wide.  Another 
specimen  0.15  broad,  with  mouth  0.054  wide. 

Another  rbizopod  shell  observed,  was  different  from  any  pre- 
viously noticed.  The  shell  had  the  form  of  that  of  Arcella  dis- 
coidesj  with  no  trace  of  the  structure  characteristic  of  that  of 
Arcella^  but  composed  of  a  nearly  colorless  or  pale  yellowish 
chitinoid  substance,  incorporated  with  minute  spherical  granules 
of  uniform  size,  darkly  outlined,  scattered  irregularlj',  isolated,  or 
in  little  groups  or  chains,  straight  or  irregular,  and  in  pairs,  or  up 
to  five  in  number.  The  specimens  measured  about  0.105  mm. 
broad,  with  the  mouth  0.03  wide.  A  chain  of  five  granules  of  the 
shell  measured  0.009  mm.  long. 

It  is  certainly  an  interesting  observation  of  Mr,  Forbes,  to  dis- 
cover that  the  young  suckers  should  use  the  rhizopod  shells  to 
obtain  as  nutriment  their  little  stores  of  delicate  protoplasm. 


January  11. 
Dr.  John  L.  Le  Contb  in  the  cliair. 
Eighteen  persons  present. 

A  paper  entitled  "  Descriptions  of  new  species  of  Terrestrial 
Mollusca  of  Cuba,"  by  Rafael  Arango,  was  presented  for  pub- 
lication. 
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January  18. 
The  President,  Dr.  Ruschenberger,  in  the  chair. 
Twenty  persons  present. 


January  25. 
The  President,  Dr.  Ruschenberqer,  in  the  chair. 
Twenty-one  persons  present. 

Jos.  J.  Knox  and  Geo.  H.  Rex,  M.  D.,  were  elected  members. 
Chas.  Yelain,  of  Paris,  was  elected  a  correspondent. 


February  1. 
Mr.  Geo.  W.  Tryon,  Jr.  in  the  chair. 
Ten  persons  present. 


February  8. 
The  President,  Dr.  Rusghenberger,  in  the  chair. 
Twenty-seven  persons  present, 

Ifote  on  Treeless  Prairies. — Mr.  Thomas  Meehan  remarked  that 
the  absence  of  timber  or  arborescent  growth  on  the  grassy  prairies 
of  America,  still  continued  to  be  a  matter  of  controversy,  but  he 
believed  that  in  the  light  of  accumulating  evidence,  we  might 
now  come  to  a  positive  decision  in  regard  to  the  question.  The 
most  prevalent  belief  had  been  that  trees  would  not  grow  on 
these  prairies, — and  we  have  had  theories  relating  to  soil  or 
climate,  to  show  why  they  could  not  grow.  Then  there  were 
others  who  believed  that  trees  did  grow  there  in  ancient  times, 
but  had  been  burnt  off,  and  kept  burnt  off  by  annual  fires. 

Mr.  Meehan  considered  in  detail,  the  authors  who  had  pro- 
pounded various  theories,  and  the  distinguished  men  who  had  ad- 
vocated them,  and  said  that  it  was  evident  climate  could  have 
nothing  to  do  with  the  question,  because  in  these  prairie  regions 
there  were  often  large  belts  of  timber  lands,  projected  like  huge 
arms  into  the  grassy  regions,  with  precisely  the  same  olimatal 
conditions  over  both.  That  the  soil  was  not  unfavorable,  was 
proved  now  by  the  artificial  plantations  everywhere  successful, 
and  that  the  soil  was  unfavorable  to  the  germination  of  tree  seed, 
as  suggested  by  Prof.  Whitney,  was  on  the  face  of  it  untenable 
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from  the  fiiet  that  it  required  but  the  same  conditions  for  the 
seeds  of  trees  as  for  tliose  of  herbaceous  plants,  the  number  of 
species  of  which  on  the  prairies  was  well  known  to  be  very  large. 
Another  great  gain  to  our  present  knowledge,  was  that  since  the 
annual  firing  of  the  grassy  prairies  had  been  discontinued  by  the 
advance  of  civilization,  the  timber  was  everywhere  encroaching 
on  them.  Among  the  facts  which  he  offered  in  proof  of  this,  was 
a  reference  to  p.  505  of  the  Tth  Report  of  the  Geological  Survey  of 
Indiana,  where  Dr.  Schneck  shows  how  land  which  was  once  grassy 
prairie,  is  now  covered  with  a  luxuriant  growth  of  forest  trees ;  to 
the  evidence  of  Major  Hotchkiss,  Geologist  of  Staunton,  Vir- 
ginia, that  the  Shenandoah  Valle}'^,  now  heavily  timbered,  was 
clear  of  trees  in  the  early  history  of  Virginia ;  to  the  discovery 
of  buffalo  bones,  in  caves  near  Stroudsburg,  Pa.,  by  Dr.  Joseph 
Leidy, — now  a  timbered  region,  the  buffido  only  existing  in  open, 
grassy  countries ;  *  and  to  various  traditions  of  settlers  in  some 
valleys  now  timbered,  that  the  land  was  originally  clear  of  trees. 
He  pointed  out  that  -in  all  known 'parts  of  the  United  States  at 
the  present  time,  except  the  arid  regions,  where  only  drought- 
loving  plants  could  exist,  the  natural  result  of  freedom  was  the 
succession  of  forest  growth.  Seeds  were  scattered  b}'  w^inds  or 
animals  over  acres  of  cleai*ed  land ;  if  such  land  became  neglected, 
these,  again  seeding  in  time,  extended  the  forest  area  continu- 
ally. The  tallest  growing  vegetation,  like  trees,  crowded  out  the 
weaker,  and  the  forest  naturall}'  crowded  out  the  lower  growing 
and  weaker  herbaceous  plants.  He  illustrated  this  b}^  reference 
to  the  neglected  cotton-fields  of  the  Southern  States. 

From  all  this,  the  speaker  said  that  it  was  evident  that  there 
was  nothing  in  Nature  either  now  or  in  the  past,  to  prevent  the 
gradual  encroachment  of  the  forest  over  the  grassy  plains,  till  long 
before  the  white  man  came  here,  the  whole  would  have  been  com- 
pletely covered  by  arborescent  growth.  Were  there  any  artificial 
causes  equal  to  the  exclusion  of  trees,  and  yet  permitting  an  her- 
baceous growth  ?  If  we  were  to  sow  a  piece  of  land  in  the 
autumn  with  some  tree  seed  and  some  seeds  of  annuals,  the  latter 
would  be  up,  flower,  mature  and  scatter  their  seed  to  the  ground 
before  the  next  autumn,  and  many  of  these  seeds  would  be  w^ashed 
into  the  earth,  or  drawn  into  the  earth  by  insects  or  small  animals. 
But  tree  seed  would  make  young  trees,  which  would  not  again 
produce  seed  for  ten  or  more  years.  If  now,  at  the  end  of  this 
first  season,  a  fire  swept  over  the  tract,  the  seeds  of  the  annuals 
which  had  found  a  slight  earthy  protection,  would  come  up 
again  the  next  summer,  again  seeding  and  extending  the  area. 
The  trees  would  be  burned  down,  and  though  perhaps  many  would 
sprout,  successive  burnings  would  keep  them  confined  to  one 
place.     In  short,  under  annual  burnings,  herbaceous  plants  could 

1  Since  the  reading  of  the  paper,  it  has  heen  brought  to  the  attention  of 
the  author,  that  the  l>one8  may  have  .belonged  to  the  Wood  Bufi'alo. 
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still  increase  their  area  annually,  but  trees  could  never  get  far 
beyond  the  line  they  had  reached  when  the  annual  fire  first  com- 
menced. There  could  be  no  doubt  that  an  annual  burning  in  a 
tract  destitute  of  forest  growth,  would  certainly  prevent  the 
spread  of  timber,  or  of  any  plant  that  required  more  than  a  year  to 
mature  seed  from  the  time  of  sowing.  Now,  if  we  look  at  the 
actual  facts,  we  find  that  the  Indians  did  annually  fire  the  prairies. 

Father  Hennepin,  the  earliest  writer  on  Indian  habits,  noted 
that  it  was  the  practice  in  his  time.  There  is  little  doubt  but  this 
practice  of  annual  burning  has  been  one  extending  long  into  the 
past.  'What  object  had  they  in  these  annual  burnings?  They 
must  have  known  that  the  buffalo  and  other  animals  on  which 
they  were  largely  dependent  for  a  living,  throve  only  on  huge, 
grassy  plains,  and  that  it  was  to  their  interest  to  preserve  these 
plains  by  every  means  in  their  power.  Low  as  their  power  of 
reasoning  may  be,  they  could  not  but  have  perceived  that  while 
grassy  herbage  throve  in  spite  of  fires,  perhaps  improved  under 
the  fiery  ordeal,  trees  could  not  follow  on  burned  land.  What 
could  be  more  natural  than  that  they  would  bum  the  prairies  with 
the  object  of  retaining  food  for  their  wild  animals  ?  If  we  have  no 
difllculty  in  reaching  a  positive  conclusion  so  far,  we  may  now 
take  a  glance  at  the  early  geological  times.  Mr.  Meehan  then  re- 
ferred to  the  researches  of  Worthen,  Whittlesley  and  others  in 
Ohio,  Illinois  and  other  prairie  regions.  On  the  retreat  of  the 
great  glacier,  the  higher  lands  and  drift  formation  were  probably 
high  and  dry  long  before  the  immense-lakes  formed  from  the 
melting  and  turbid  waters  ceased  to  be. 

It  was  tolerably  well  understood  that  many  species  of  trees 
and  other  plants  which  required  a  temperate  atmosphere,  retreated 
southwardly  with  the  advance  of  the  glacier,  and  advanced  to 
higher  latitudes  on  the  glacier's  retreat.  Thus  these  higher  ridges 
would  become  timbered  long  before  the  lower  lands  became  dry. 
Evidence  accumulates  that  man  existed  on  this  continent,  in  the 
far  west,  not  long  after  the  glacier  retreated,  though  '^  not  long," 
in  a  geological  sense,  may  mean  many  hundreds  of  years.  The 
lakes  of  glacial  water  would  gradually  become  shallower  from 
the  deposit  of  the  highly  comminuted  material  brought  down 
from  higher  land,  from  the  wearing  away  of  rocky  breastworks  as 
in  South  Pass,  Illinois,  as  well  as  from  the  openings  which  would 
continually  occur  from  nature's  ever  varying  plan  of  streams 
under  ground.  In  all  events,  the  drying  of  these  lakes  would  be 
from  their  outward  edges  first.  Aquatics  would  give  way  to 
marsh  grasses,  and  these  to  vegetation  such  as  we  now  find  gener- 
ally spread  over  the  prairie  region.  If  now  we  can  conceive 
of  human  beings  such  as  we  know  the  Indian  races  to  be,  al- 
ready in  more  southern  latitudes — having  learned  the  fact  that 
firing  would  keep  down  trees  and  aid  in  the  preservation  of  the 
chase — following  the  retreat  of  the  glacier  to  the  higher  lands,  and 
still  as  they  advanced  northwardly,  firing  the  plains  up  to  the 
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water's  edge,  it  would  certainly  account  for  the  absence  of  ar- 
boreal vegetation  from  these  immense  lacustrine  lands  from  tlie 
very  beginning  of  their  formation.  Of  course  with  this  view  we 
should  have  to  look  for  some  evidences  of  man's  existence,  both  on 
the  lands  which  were  once  under  water,  as  well  as  those  which  were 
timber  lands  at  his  first  appearance  there.  lie  did  not  know  how 
many  such  evidences  have  been  or  may  be  found.  Man's  traces  in 
the  past  are  at  best  but  rare,  and  they  would  naturally  be  much 
more  scarce  in  the  lacustrine  regions  than  in  lands  dry  at  the 
same  epoch.  At  any  rate,  this  part  of  his  remarks  he  said,  must 
be  taken  as  mere  speculation ;  but,  as  we  could  see  on  the  basis  of 
sound  scientific  investigation  why  tliere  could  be  no  trees  on 
these  grassy  prairies  within  the  range  of  indubitable  history,  it 
was  a  fair  inference  that  some  such  cause  had  continued  from  the 
beginning;  namely,  that  annual  fires  had  ever  been  the  reason  why 
arborescent  vegetation  had  never  had  an  existence  there. 

The  resignation  of  Mr.  Edw.  S.  Whelen,  as  a  member  of  the 
Council  and  Finance  Committee,  was  read  and  accepted. 


Februaby  15. 
The  President,  Dr.  Ruschenberqeb,  in  the  chair. 
Nineteen  persons  preset. 

A  paper  entitled  "  The  Honey  Ants  of  the  Garden  of  the  Gods," 
by  Rev.  Henry  C.  McCook,  D.  D.,  was  presented  for  publication. 


February  22. 
The  President,  Dr.  Ruschenberger,  in  the  chair. 
Thirty-six  persons  present. 

The  death  of  Harry  C.  Hart,  M.  D.,  a  member,  was  announced. 

Mr.  Isaac  C  Martindale  was  elected  a  member  of  the  Finance 
Committee,  to  fill  a  vacancy  caused  by  the  resignation  of  Mr. 
Edw.  S.  Whelen. 

Mr.  Charles  P.  Perot  was  elected  a  member  of  the  Council  for 
the  unexpired  term  of  Mr.  Whelen. 

Robert  P.  Field  was  elected  a  member. 

John  Brazier,  of  Sydne}-,  N.  S.  W.;  Rafael  Arango,  of  Habana, 
and  Chas.  Mohr,  of  Mobile,  Ala.,  were  elected  correspondents. 

The  following  were  ordered  to  be  printed : — 
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lOBORIPTIOVfl  OF  HEW  8PB0IIB  OF  TEBBESTBIAL  XOLLtSrSOA  OF  CVBA. 

BY   RAFAEL  ARANQO. 

Choanopoma  aeeryatum  Arango. 

Testa  obtecte-umbilicata,  ovato-oblonga,  plerumque  decollata, 
tenuis,  plicis  transversis  irregulariter  et  costulis  spiralibus  dis- 

%tantibu8  undulatim  et  acervatiminterruptislamellata, 
T  albida,  anfractus  6  (superstites  3^4)  convexi,  lente 
I  acrescentes  ad  suturam  canalioulatam  (ob  plicarum 
extremitatem)  denticulati,  ultimus  anfractui  contigui 
callo  adnatus ;  apertura  circularis,  peritrema  dupli- 
catum,  internum  rectum,  externum  patens,  concentrice  striatum 
et  ob  costulas  spirales  testse  undulatum,  ad  anfractum  contiguum 
eallum  formans,  tum  umbilicum  lamina  lata  fomicata  tegens. 
Long.  8i-9i ;  diam.  4^-6  mill. 

Differt  ab  CJwan.  Tryoni  Arsjigo  primovisu  costulis  spiralibus, 
ab  sordido  imprimis  plicis  testaB  imdulata  interrupta. 

Habitat. — Las  Lagunitas  prope  Pinar  del  Rio  partis  occidentalis 
in  plantatione  dicta  ^'  Vega  de  D.  Manuel  de  Jesus  Hernandez." 

Oylindrella  paradoza  Arango. 
Testa  sine  umbilico,  fiisiformi-turrittf,  solidula,  albida,  costis 

isubrectis  oonfertis  munita,  Integra,  apice  obtusiuscula, 
anfractus  12-13  convexi,  penultimus  longitudinaliter  in 
I    medio  canaliculatus,  ejusdem  pars  superior  reliquis  an- 
I    fractibus  ignalis  quoad  sculpturam,  inferior  angustior, 
1   reducta,  costulis  magis  aproximatis,  dein  dilatata  et 
umbilicum  tegens.   Apertura  piriformis,  obliqua,  superne 
angustior  ob  carinam  salientem  partis  superioris  anfrac- 
tus.    Peritrema  continuum,  undique  sequaliter  expansum.     Col- 
umna  interna  simplex.     Long.  12^  ;  diam.  2^  mill. 
Habitat, — Quane  in  loco  "  Puerta  de  la  Muralla  "  dicto. 

Cylindrella  inoerta  Arango. 

Testa  quoad  sculpturam  et  columnam  intemam 
simillima  Cylindrellae  cssrulans  Poey,  sed  forma  ven- 
troso-cylindracea  et  anfr.  superst.  8  (in  testa  Integra 
14). 

Long.  18-  ;  diam.  4^,  testa  Integra. 

Long.  14^ ;  diam.  4^,  testa  fracta. 

Habitat. — Guane  in  loco  "Puerta  de  la  Muralla" 
dicto 
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CUnopoma  nodifenun  Arango  n.  sp. 

Testa  clauso-pcrforata,  cylindraceo-turrita,  decoUata,  tenuis, 
plicis  sequaliter  distantibus  et  liris  debilibus  decussata,  cineracenti- 
albida,  anfr.  3^-4  superstites  convex!,  lente  accrescent es,  ad 
suturam  canaliculatam  subdenticulati ;  ultimus  subdisjunctis  pone 
aperturam  callo  lato  cum  i)enultimo  anfractu  junctus ;  apertura 
verticalis,  obliqua,  ovalis ;  peritrema  dupllcatum,  internum  rectum, 
externum  subsequaliter  patens,  sed  superne  dilatatum,  anfractum 
contiguum  attingens  et  umbilicum  claudens.  Operculum  typicum 
generis.     Long,  testse  truncatse  8  ;  diam.  3  ;  apert.  2  mill. 

Simile  Ctenopomati  nodulato  ;  sed  differt  testa  plicis  cequaliter 
distantibus  (nee  acervatim  approximatis  et  liras  decussata). 

Habitat, — Sub  lapidibus  circa  oppitum  Santo  Cristo  de  la  Salad 
prope  Bejucal. 

Cunopoma  WrightUnum  Gandl.  n.  sp. 

Testa  subperforata,  cylindraceo-turrita,  decollata,  costis  tequali- 
tcr  distantibus  obtusis  et  liris  subtilissimis  decussata,  eineracenti- 
albida,  anfr.  de  superstites,  convexi,  lente  accrescentes,  ad  suturam 
canaliculatam  denticulati ;  ultimus  subdisjunctus  pone  aperturam 
callo  lato  cum  penultimo  anfractu  junctus;  apertura  verticalis, 
oblique  ovali-rotundato ;  peritrema  duplicatum  internum  rectum, 
externum  suba^qualiter  patens,  sed  superne  non  dilatatum  itaque 
anfractum  penultimum  non  attingens.  Operculum  typicum  generis. 
Long,  testie  truncate  11 ;  diam.  5 ;  apert.  2^  mill.  ' 

Proximum  Ctenopomati  ruguloso  sed  distinctum  costis  testse 
obtusis  (nee  acutis)  et  liris  decussata. 

Habitat. — Sub  lapidibus  loci  Punta  de  la  Jaula  dicti  in  Provincia 
Pinar  del  Rio,  partis  occidentalis. 
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THS   HOHET   AFTS    OF   THE   OASDEIT   OF   THE    GOBS. 
By  Rev.  Henbt  C.  McCook,  D.  D. 

■ 

I. — Geographical   Distribution. 

The  peculiarity  in  the  Honey  Ants  (Myrmecocystus  melliger) 
which  has  attracted  the  especial  attention  of  naturalists  is  that 
one  of  the  castes  or  worker  forms  has  the  abdomen  distended  to  the 
size  and  form  of  a  currant  or  small  grape,  and  entirely  filled  with 
grape-sugar  or  '*  honey." 

Very  little  of  their  habits  has  heretofore  been  known,  and  only 
the  forms  of  the  honey-bearer  and  worker-major.  In  order,  if 
possible,  to  remove  this  reproach  from  Entomology,  I  started  in 
the  early  part  of  July,  A.  D.  1879,  for  New  Mexico, as  the  honey- 
ants  have  been  found  in  the  neighborhood  of  Santa  Fe,  and  even 
as  far  north  as  Abiquiu,  on  the  Big  Chama  River.* 

During  a  brief  visit  at  the  cottage  of  Gen.  Charles  Adams,*  of 
Manitou,  Colorado,  which  is  located  in  the  mouth  of  the  Garden 
of  the  gods,  in  the  course  of  some  observations  made  upon  the 
ants  of  the  vicinity,  a  nest  was  discovered  whose  external  archi- 
tecture was  new  to  me.  The  sentinels  were  called  out  by  the 
application  of  a  straw,  and  their  general  appearance  raised  the 
suspicion  that  they  might  be  Honey  Ants,  which,  as  I  had  never 
seen  specimens,  were  known  to  me  only  by  description.  The  nest 
was  opened,  and  the  delightful  fact  revealed  that  the  objects  of 
my  search  were  before  me.  I  thereupon  made  an  exploration  of 
the  vicinity,  and  found  that  the  nests  were  present  in  sufficient 
numbers  for  purposes  of  study ;  whereupon  I  abandoned  my  New 
Mexico  outfit,  encamped  in  the  Garden  of  the  gods,  and  began 
the  observations  of  which  the  following  paper  is  the  record. 

Up  to  the  time  of  my  discovery,  it  had  not  been-  known  that 
the  Honey  Ants  were  distributed  as  far  north  as  Colorado.  I 
found  no  formicaries  at  any  other  point  in  the  State,  although  the 
opportunity  to  search  for  them  was  limited.    There  is  little  doubt, 

^  At  the  latter  point  Prof.  Edward  D.  Cope  informed  me  that  he  had 
seen  them.    Dr.  Loew  and  Mr.  Erummeck  saw  them  near  Santa  Fe. 

'  Gen.  Adams  has  recently  been  widely  known  by  his  intrepid  venture 
among  the  hostile  White  River  Ute  Indians,  and  rescue  of  their  unhappy 
prisoners,  Mrs.  Meeker  and  others,  at  the  risk  of  his  own  life.  As  a  recog- 
nition of  this  service  he  has  been  appointed  Minister  Plenipotentiary  for 
the  United  States  to  the  Republic  of  Bolivia. 
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however,  that  they  may  be  fouud  in  favorable  locations  in  the 
entire  southern  portion  of  the  state,  and  perhaps  also  north  of  the 
latitude  of  Pike's  Peak.^  Mexico,  New  Mexico  and  southern 
Colorado,  may  certainly  be  designated  as  the  natural  habitat  of 
the  Honey  Ants.  It  is  probable,  however,  that  they  may  be  found 
throughout  the  entire  south-western  portions  of  North  America, 
especially  the  uplands.  They  will  doubtless  be  found  west  of  the 
Rocky  Mountains,  as  I  have  recently  found  one  female  of  this 
species  among  a  collection  of  Hj^menoptera  sent  to  Mr.  Cresson 
from  southern  California. 

The  following  facts  can  be  presented  concerning  the  vertical 
distribution : — 

Locality.  Elsvation.  Obbkbykb. 

City  of  Mexico,    .     .     .  7482  feet,  Llave. 

2  Matamoras,  Mex., )  .  »  , 

Brownsville,  U.S.,}-    '        ^®  Langstroth. 

Santa  Fe, 7047     "  Loew,  Kummeck. 

Abiquiu,       5930    "  Cope. 

Garden  of  the  gods,  .     .  6181     "  McCook. 

It  will  thus  be  seen  that  the  points  at  which  these  insects  have 
heretofore  been  found,  lie  for  the  most  part  upon  uplands,  ranging 
from  6000  to  7500  feet  in  height  above  sea  level.  Mr.  Langstroth's 
find  is  recorded  as  *Mn  the  vicinity  of  Matamoras."*  If  this 
means  the  near  vicinity,  the  fact  prevents  the  generalization  which 
one  might  otherwise  have  been  tempted  to  form,  limiting  the  ants 
to  the  upland,  for  Matamoras  has  but  a  slight  elevation. 

II. — Nest  Sites  and  Exterior  ARomrECTURB. 

The  Honey  Ants  are  domiciled  in  large  numbers  throughout 
the  section  of  country  known  as  the  Garden  of  the  gods. 

The  conformation  of  the  surface  here  appears  to  be  an  im- 
portant element  in  determining  the  habitat  of  the  insects,  and 
deserves  a  brief  notice.    The  Garden  of  the  gods  embraces   a 

^  The  matter  of  their  distribution  is  a  point  to  which  the  attention  of 
entomologists  and  other  naturalists  is  called,  and  any  information  bearing 
thereupon  will  be  of  value. 

'  I  could  not  lay  hands  upon  the  elevations  of  Matamoras,  which  cannot 
vary  much  from  that  of  Brownsville,  Texas,  on  the  opposite  side  of  the 
river. 

B  "Proceed.  Acad.  Nat.  Bci. Phlla.,"  vol.  vi,  1852,  p.  71. 
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space  of  about  two  miles  in  length  by  one  in  width,  the  surface  of 
which  is  broken  into  ridgea  crossing  each  other  at  various  angles, 
and  crowned  or  bordered  at  the  top  by  the  red  sandstone  and 
conglomerate  rocks,  whose  peculiar  shapes  and  likenesses  to 
heathen  deities  have  probably  suggested  the  name  given  t^  this 
bit  of  landscape.  A  rnde  idea  of  ttie  topography  may  be  had  by 
drawing  a  horse-shoe,  the  toe  toward  the  north ;  within  the  mouth 
of  this  let  a  second  borsenBhoe  lie  described,  occupying  about  one- 
half  the  space  in  width  and  one-third  in  length.    TJnitethe  toes  of 


Fia.  I.— Skelob-map  of  tbe  Qarden  of  tho  gods. 

the  two  shoes  by  a  zig-zag  line,  and  draw  lines  east  and  west,  on 
either  side  from  the  interior  figure.  The  western  line  of  the  out- 
side shoe  will  represent  the  Manitou  ridge,  which  starts  at  the 
base  of  Pike's  Peak.  The  eastern  line  will  indicate  the  cretaceous 
wall  of  the  table-land  known  as  the  Mesa,  and  the  two  walls  of 
the  Red  Canyon.  The  inner  shoe  has  for  its  western  line  the  Yon 
Hagen  ridge,  for  its  eastern  the  Adams  ridge  ;  tho  cast  and  west 
lines  will  represent  the  general  course  of  the  ridges  which  drop 
down  from  these  two,  from  the  broken  central  ridge,  Prospect 
ridge,  represented  by  the  zig-zag  line,  and  from  the  eastern  face 
of  Manitou  ridge.  These  ridges  are  composed  of  red  sandstone, 
which  crops  out  freely,  forming  vast  ledges  and  cliffs.  The  top 
soil,  where  the  rock  is  not  exposed,  is  a  heavy  gravel,  upon  which 
grow  tufts  of  gramma  grass,  straggling  bunches  of  grease  wood, 
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Spanish  bayonet,  low  cedars  and  pine,  and  in  the  little  vales  or 
nooks  wild  sunflowers,  wild  roses,  and  numerous  small  thickets 
and  clusters  of  a  scrub  oak  ( Quercus  undulata).  These  localities 
are  indicated  diagramatically  in  the  sketch-map  at  Fig.  1. 

All  .along  the  tops  of  these  ridges,  and  on  the  eastern  and 
south-eastern  slopes,  the  nests  of  the  Honey  Ants  are  located 
(PL  I,  fig.  2  *).  About  ninety  per  cent,  of  those  found  were  on 
the  tops  of  the  ridges,  and  every  one  on  or  near  the  summit  or 
central  line  of  the, top.  The  choosing  of  such  a  site  may,  there- 
fore, be  inferred  to  be  a  fixed  habit  of  the  ant. 

The  advantage  of  this  location  is  apparent,  at  least  in  the 
points  of  dryness  and  warmth.  I  made  several  observations  of 
the  effects  of  the  heavy  July  and  August  rain  storms  upon  the 
exterior  architecture,  which  is  a  low,  gravel-covered  moundlet, 
penetrated  at  the  centre  by  a  tubular  gallery  or  gate  three-fourths 
of  an  inch  in  diameter  (PI.  II,  figs.  3,  4).  The  large  gravel-covered 
mounds  of  the  Occidental  Ant  {Pogonomyrmex  occidentalism  C res- 
son),  numbers  of  which  were  built  in  the  valley  of  the  Boiling 
Fountain  Creek,  and  in  the  nooks  between  the  ridges,  were  more 
or  less  damaged  by  the  wash  of  the  water.  Some  were  seriously 
injured,  one  wholly  swept  away.  The  only  damage  wrought  upon 
the  Honey  Ant  nests  was  a  little  beating  down  of  the  pellets  of 
gravel  within  the  gate.  There  was  no  injury  from  the  wash  of  the 
water,  and  apparently  no  likelihood  of  any  beyond  that  which  the 
momentum  of  the  rain-drops  could  inflict  as  they  dashed  upon  the 
nest  and  within  the  gate.  Throughout  one  storm,  during  the 
entire  progress  of  which  a  nest  was  watched,  several  ants  were 
stationed  like  sentinels  within  the  gate  around  the  upper  margin 
(PL  V,  fig.  25).  They  were  evidently  on  the  look  out  for  any 
damages  to  their  home.  The  disarrangement  of  a  few  pellets 
moved  two  of  these  sentinels  to  bring  up  bits  of  gravel  and 
attempt  repairs.  But  ^here  was  little  occasion  for  this,  although 
the  force  of  the  rain  was  great  enough  to  cause  a  good  deal  of 
discomfort  to  the  observer.  In  half  an  hour  the  rain  ceased,  the 
sun  came  out  over  Pike's  Peak,  and  a  rainbow  girdled  the  M^sa. 
One  worker-major  crawled  upon  the  crest  of  the  nest,  stretched 
herself,  reared  her  head  as  though  to  snuff  the  fresh  air,  then 

^  This  is  a  sketch  of  my  camp,  from  the  point  at  which  the  Adams  and 
Yon  Hagen  ridges  meet.  One  of  the  ant>nests  is  seen  in  the  foreground ; 
others  are  indicated  by  the  white  circles  on  the  crests  of  the  ridges. 
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hurried  clown  the  gravel  side  and  started  at  a  swinging  pace  along 
the  trail  to  a  neighboring  oak  copse.  An  hour  afterward  she  had 
not  returned,  and  not  another  ant  had  left  the  ncbt.  Several, 
however,  came  out,  but  apparently  were  disturbed  by  a  gale  which 
followed  the  rain,  and  returned. 

On  another  occasion,  the  slight  disarrangement  of  the  nest 
made  by  the  rain  was  repaired  immediately  after  the  storm.  It 
amounted  to  a  closing  up  of  the  greater  part  of  the  entrance  by 
some  of  the  displaced  gravel-stones  along  the  crater. 

The  exterior  architecture  Jias  been  referred  to  as  a  small 
moundlet  of  gravel.^  The  largest  seen  was  one  on  one  of  the 
ridges  quite  within  the  Garden ;  it  measured  around  the  base 
thirty-two  inches,  in  height  three  and  one-half  inches,  length  of 
northern  slope  four  and  one-half  inches  (PI.  II,  fig.  3).  The 
average  dimension  of  the  nests  is  something  less  than  this.  The 
base  diameter  varies  from  ten  to  three  and  one-third  inches, 
the  greatest  number  of  nests  measuring  six  and  seven  inches.* 
The  ordinary  height  is  from  two  to  three  inches.  The  shape  of 
the  nests  is  a  truncated  cone.  The  section  across  the  top  is  about 
two  inches  in  diameter.  In  the  centre  is  a  tubular  opening  or 
gate,  from  three-fourths  to  seven-eighths  inch  in  diameter.^ 

Ill — Position  of  Honey-Bearers  in  the  Nest.         • 

Leaving  the  details  of  the  architecture  to  a  later  period,  that  habit 
which  attaches  the  greatest  interest  to  this  insect, viz.,  the  storing  of 
honey,  may  be  considered.  The  first  nest  that  was  opened,  and 
called  the  "  Bessie  "  nest,*  for  convenience  of  notation,  is  on  the 
terminal  slope  of  Adams'  ridge,  looking  due  south,  and  quite  near 
to  the  valley  of  the  creek  Fontaine  qui  Bouille.     The  gravel  had 

*  Dr.  Oscar  Loew,  "American  Naturalist,"  1874,  says  of  Melligera  col- 
lected near  Santa  Fe,  that  "they  make  no  hills,  like  other  ants.''  "A 
structure  like  a  crater  indicates  where  they  live  underground.'*  Every 
formicary  seen  by  me  had  a  decided  elevation. 

^  I  succeeded  in  bringing  one  of  these  mounds  home  nearly  entire,  having 
fixed  the  gravel  contents  by  liquid  cement. 

'  Dr.  Loew  says  of  the  nests  near  Santa  Fe,  that  tlie  openings  were  the 
size  of  a  quill.  It  seems  strange  that  such  a  difference  should  exist  within 
localities  so  near  each  other. 

*  A  little  girl,  Bessie  Root,  a  guest  in  Gen.  Adams'  cottage,  whom  I  had 
enlisted  in  the  search  for  ant-hills,  first  repoi-ted  to  me  the  nest  in  which  I 
found  the  Melligers. 


22  PROOEEDINQS   OF  THE   ACADEMY   OF  [1881. 

not  been  penetrated  to  a  depth  oi  more  than  six  inches  before 
a  honey-chamber  was  uncovered,  and  the  presence  of  the  honey- 
bearers  indicated  that  a  home  of  the  true  Honey  Ant  had  been 
found  (PL  III,  fig.  6).  Within  a  dome-roofed  vault,  about  three 
inches  in  width  and  three-quarters  to  one  inch  in  height,  hung  the 
honey-bearers,  clinging  by  their  feet  to  the  roof.  Their  3'ellow 
bodies  stretched  along  the  ceiling,  but  the  rotund  abdomens  hung 
down,  almost  perfect  globules  of  transparent  tissue,  through  which 
the  amber-colored  honey  showed.  They  looked  like  a  cluster  of 
small  Delaware  grapes  or  large  currants.  Most  of  the  abdomens 
were  quite  round,  but  they  were  in  various  stages  of  fullness. 
Upon  some  the  external  membrane  of  the  abdomen  was  gathered 
in  folds.  A  few  of  the  abdomens,  and  especially  those  but  little 
distended,  were  of  a  white  instead  of  amber  color. 

I  have  observed  that  the  honey-bearers  in  my  artificial  nests 
show  the  honey,  which  has  been  gathered  from  white  sugar,  quite 
white  and  translucent.  It  is  probable  that  the  color  becomes 
amber,  and  even  a  wine  color,  with  age.  When  the  abdomen  is 
full  it  fairly  shines,  reflecting  the  light  that  falls  upon  it  from  the 
lamp.  With  most  of  the  honey-bearers  the  abdomens  hang 
downward  without  touching  the  ceiling,  except  at  the  rotundity 
near  the  base,  and  often  not  even  at  that  point.  With  some, 
hdwever,  the  whole  lower  part  of  the  abdomen  rests  against  the 
roof  (PI.  IV,  fig.  13).  This  appears  to  depend  chiefly  upon  the 
contour  of  the  perch,  and  not  upon  the  relative  degree  of  comfort 
to  the  ant  in  the  two  positions. 

The  roof  of  the  honey-chamber  is  different  in  structure  from  the 
floor,  the  latter  being  comparatively  smooth,  while  the  former  is 
rough,  being  the  natural  granulated  surface  left  after  the  picking 
away  of  the  sandy  soil.  This  character,  of  course,  enables  the 
honey-bearer  to  cling  more  easily  and  securely  to  her  perch.  This 
position  is  not  held  by  the  mandibles  clasping  the  rugose  dome 
with  their  sharp  teeth,  but  almost  exclusively  by  the  feet,  whose 
claws,  hairs  and  pulvuli  all  doubtless  contribute  to  the  efifect. 

Judging  from  observations  upon  artificial  nests  and  from  the 
utter  unwieldiness  and  helplessness  of  the  fully  charged  bearers, 
they  are  not  much  disposed  to  change  their  roost  after  once  taking 
it,  at  least  after  they  have  reached  a  considerable  degree  of 
rotundity.  But  the  statements  generally  made  by  writers,  that 
they  are  wholly  unable  to  move,  and  never  change  position,  are 
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inferences  without  the  facts.  They  are  not  unable  to  move,  and 
in  point  of  fact  do  occasionally  move  their  positions.  Those 
whose  abdomens  are  but  half  or  even  two-thirds  the  full  globose, 
I  have  frequently  seen  coming  out  of  their  chambers,  ascending 
the  galleries  and  moving  freely  about  the  surface.  Those  with 
full  globes  can  move  about  with  no  little  agility  when  placed  upon 
a  table,  or  when  exposed  in  their  nests  to  some  imusual  danger  or 
alarm.  In  the  nests  they  slide  along  from  point  to  point,  moving 
their  feet  sidewise,  and  so  make  changes  of  position. 

Fallen  Honey-beabebs  Helpless. — If  once  they  loosen  their 
hold,  however,  and  fall  to  the  floor,  they  seem  ordinarily  helpless  to 
recover.  Numbers  of  my  fiiU  honey-bearers  dropping  from  various 
causes,  or  shaken  down  by  thoughtless  visitors,  laid  upon  the 
floor  helpless,  resting  upon  the  rotund  abdomen,  bodies  up, 
antennae  and  feet  in  motion,  and  seeming  exceedingly  uncomfort- 
able. Those  who  so  fell  as  to  have  some  object  upon  which  to 
lay  their  feet,  as  a  clod  or  the  surface  of  the  jar,  fared  better.  In 
very  favorable  positions  a  few  recovered  their  roost.  But  as  a 
rule  they  were  helpless,  remained  stationary,  and  so  passed  their 
lives,  which  were  evidently  shortened  by  their  position,  although 
some  of  them  lived  thus  several  months  (see  PL  YI,  fig.  32). 

IV. — SouBCE  OP  Honey-Supply. 

The  rotunds  do  not  elaborate  the  honey,  as  has  frequently  been 
asserted.  I  was  not  for  a  moment  misled  by  this  fancy,  being 
satisfied  that,  in  the  nature  of  things  they  were  sedentary,  and  that 
their  immense  abdomens  were  charged  by  regurgitation  from 
the  workers  who  were  the  honey  gatherers.  But  whence  do  they 
obtain  their  supplies  ? 

Not  from  Aphides,  at  this  season  of  the  year  at  least.  I 
searched  every  bush  and  shrub  in  the  vicinity,  including  large 
numbers  of  wild  rose  bushes,  but  failed  to  find  any  of  these  familiar 
and  useful  Emmet  "  herds."  Certainly,  at  least,  the  honey  ants 
were  not  there  drawitig  supplies  from  them.  It  was  not  possible 
to  trace  the  ants  to  these  or  other  sources  of  food  supply  during 
the  day,  for  I  found  very  soon  that  they  were  nocturnal  insects. 
Their  nests  were  as  silent,  and  to  all  appearance  empty,  as  an 
abandoned  habitation,  during  the  daytime.  I  accordingly  stationed 
myself  beside  a  nest  to  await  the  nightfall.  This  nest  was  located 
upon  the  summit  of  a  ridge  which  from  a  peculiar  formation  of  a 
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rock  upon  it  I  named  Eagle-head  ridge,  and  the  nest  Eagle-head 
nest.  At  7.30  P.  M.,  the  sun  was  set,  and  darkness  had  begun  to 
gather.  A  few  ants  appeared  within  the  gate.  They  advanced 
to  the  top,  followed  by  others ;  they  pushed  out  upon  the  gravelled 
sides  of  the  mound,  over  which  a  goodly  swarm  of  yellow  insects 
was  soon  gathered.  There  were  no  rotunds  or  semi-rotunds  among 
these  mustering  squadrons ;  all  were  workers,  with  normal  abdo- 
mens. 

Presently  an  ant  left  the  mound  and  started  over  the  ridge 
northward.  Another — several — a  score  followed,  imtil  within  a 
brief  time  a  vast  column  was  seen  trailed  along  the  ridge,  all 
moving  in  the  same  direction.  The  evening  had  now  become  so 
far  advanced  that  it  was  difficult  to  trace  the  column,  but  by 
stooping  down  close  to  the  earth  and  using  care  not  to  alarm  the 
ants,  I  was  able  to  do  so.  The  trail  was  somewhat  winding,  but 
on  the  whole  seemed  to  be  chosen  with  some  regard  to  avoiding 
the  inequalities  of  the  ridge.  I  was  not  impressed,  however, 
with  the  engineering  skill  of  the  insects  in  this  matter. 

At  the  distance  of  about  fifty  feet  from  the  nest,  the  column 
turned  down  the  slope  and  entered  a  copse  of  scrub  oak  (  Quercus 
undulata,  var.).  I  traced  a  number  of  ants  to  a  bush  several  feet 
within  the  thicket,  but  failed  to  unravel  the  secret  that  night* 
The  next  night  a  similar  experience  awaited  me.  After  a  long 
careful,  but  vain  search,  I  retired  to  my  tent  baffied.  The  third 
night  (Jul}'  29),  the  ants  of  Eagle  head  next  came  out  at  7.23 
P.  M.  Those  on  Toad-stone  ridge,  to  which  I  had  assigned  my 
assistant,  Johnson,  came  out  at  7-25  P.  M.,  but  did  not  begin  to 
move  until  7.44.  Johnson  followed  them,  but  failed  to  find  their 
feeding  gi-ound.  They  moved  north  and  eastward,  as  did  those 
of  the  Eagle  head.  These  latter  began  to  move  almost  as  soon 
as  they  came  out.  They  followed  the  same  trail  as  on  the  previous 
evening,  the  track  having  beem  marked  by  me.  The  movement 
was  somewhat  slower  than  before,  perhaps  because  the  trail  had 
been  washed  by  a  heavy  rain  during  the  afternoon.  There  was  no 
leader.  A  dwarf  worker  kept  in  advance  over  the  greater  part  of 
the  track,  then  a  worker  minor  took  the  head  of  the  column. 
The  two  were  separated  from  each  other,  and  the  van  of  the 
column  about  eight  to  ten  inches.  There  was,  however,  not  the 
slightest  evidence  of  any  leadership  at  any  time,  in  any  part  of 
the  moving  line,  although  I  carefully  looked  for  such. 
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The  ants  directed  their  movements  to  the  same  tree  as  on  for- 
mer forays,  reaching  it  in  seventeen  minutes,  at  7.40  P.  M.  They 
distributed  themselves  along  the  tree,  hunting  tnmk,  branches, 
leaves.  I  could  trace  their  forms,  but  when  it  is  remembered  that 
I  was  wedged  in  among  the  thick,  low  branches  of  this  dwarf 
oak,  holding  up  a  lantern  with  onfe  hand,  and  using  the  other  to 
clear  space  for  it ;  that  the  necessity  to  avoid  alarming  the  timid 
insects  compelled  me  to  retain  very  inconvenient  positions  for  a 
long  time,  it  will  not  seem  strange  that  I  could  find  nothing  satis- 
factory until  between  nine  and  ten  o'clock.  At  last,  in  course  of  the 
slow  investigations,  I  reached  the  extreme  end  of  a  branch  on 
the  south  side  of  the  tree,  and  found  a  number  of  ants  engaged 
upon  clusters  of  brownish-rod  galls.  The  ants  were  moving  from 
gall  to  gall,  not  tarrj'ing  for  any  length  of  time  upon  any.  They 
applied  their  mofitli  organs  to  the  galls  frequently.  Th^  dimness 
of  the  light,  and  the  distance  which  I  was  compelled  to  keep,  pre- 
vented me  from  seeing  anything  more  than  this.  But  it  was  plain 
that  they  were  obtaining  honey  stores,  for  in  the  lantern  light  it 
could  be  seen  that  their  abdomens  were  already  much  distended 
bv  the  sweets  which  they  had  lapped. 

The  branch  was  carefully  cut  otf  without  disturbing  the  ants, 
taken  to  my  tent,  and  the  movements  of  the  insects  observed 
during  the  remainder  of  the  night,  the  branch  having  been  so 
placed  as  to  prevent  the  escape  of  the  ants,  who  were  yet  easily 
under  view.  They,  however,  were  so  preoccupied  with  their 
honey  gathering,  that  they  made  little  effort  to  escape. 

Directing  attention  to  the  galls,  it  was  seen  that  some  of  them 
were  gradually  exuding  minute  globules  of  a  white  transparent 
liquid,  which  the  ants  greedily  licked.  I  tasted  the  liquor,  and 
found  that  it  was  very  sweet  and  pleasant.  The  object  of  the 
nocturaal  expedition  of  the  ants,  and  the  source  of  their  honey 
supply,  were  thus  revealed.  These  galls  are  of  various  sizes,  from 
that  of  a  currant  downward.  Most  of  them  were  of  a  Turk's-head 
shape,  some  flattened  spheres.  They  are  [)laced  in  groups  of  two 
and  more  along  the  stems  of  the  branches  ;  they  are  commonly  of 
reddish-brown  color,  marked  with  black  patches,  but  some  of  them 
are  of  a  brighter  tint,  almost  rose-color,  some  of  a  livid  yellow 
marked  with  black,  some  almost  green.  By  cutting  off  a  few  of 
the  clusters  and  removing  them  from  the  ants,  I  saw  that  the 
sugary  sap  issued  from  several  points  upon  the  gall,  which  in  some 
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cases  became  beaded  with  six  or  more  globules,  several  times 
larger  than  a  pin-head.  By  removing  these  beads  suQcessiveh,  I 
found  that  during  the  night  one  gall  gave  out  at  least  three  scries. 
The  continual  flitting  of  the  ants  from  branch  to  branch  and  gall 
to  gall,  was  thus  explained :  the  successive  exudations  invited 
their  frequent  return,  to  the  galls  from  which  the}'  had  formerly 
fed.  When  the  branch  had  first  been  brought  to  the  tent,  some 
of  the  gall-bearing  twigs  had  been  clipped  off  and  placed  within 
the  artificial  nests,  but  received  no  attention  from  the  ants.  Some 
of  the  bleeding  galls  were  now  introduced,  which  were  instantly 
covered  by  the  ants,  and  soon  cleaned  of  their  beaded  sweets. 
An  examination  of  the  first  galls  explained  the  reason  for  their 
neglect — they  were  sapless. 

Ni-x^TAH-PRODUCiNG  Galls. — A  number  of  galls  of  various  sorts 
and  sizes,  was  collected  for  dissection.  They  were  readily  divided 
into  two  classes  (1),  the  livid  and  greenish  galls  which  were  soft 
and  entire;  (2)  the  darker  colored  ones  which  were  hard,  unyield- 
ing to  the  touch,  and  pierced  at  one  side  b}^  a  small,  smooth,  i*eg- 
ular,  cylindrical  cavity.  It  soon  appeared  that  the  bleeding  of 
honey -sap  was  confined  to  the  first  class.  Upon  cutting  away  the 
soft  pulpy  fruit  (if  it  may  be  so  termed),  a  hard  whitish-green 
ovoid  cell,  not  unlike  a  cherry  seed,  was  found  at  the  centre.  It 
was  about  one-eighth  inch  in  diameter.  Lying  outside  of  and 
against  this,  in  a  little  cavity,  I  found  in  one  gall  a  minute,  living 
grub  (PI.  Ill,  fig.  12),  The  body  was  white,  of  eleven  segments, 
the  head  tipped  with  a  brownish  hue*  The  inner  cell  when  opened, 
showed  a  spherical  cavity  in  which  was  a  very  minute  gelatinous 
pyriform  object,  which  adhered  to  the  side  of  the  cavity.  1  had 
no  microscope  with  me,  and  in  lieu  of  facts,  can  only  conjecture 
that  this  may  have  been  an  embryonic  form  of  an  insect,  which 
matures  later  in  the  season. 

The  hard  galls  were  next  dissected.  They  are  all  pierced  on 
one  side,  invariably  near  the  base  (figs.  10,  II),  by  a  circular  open- 
ing made  by  the  matured  gall-insect  in  its  escape.  Fig.  11  repre- 
sents one  of  these,  a  turban-shaped  gall,  magnified  about  three 
times  the  natural  size.  A  section  view  of  the  gall  (fig.  10)  shows 
that  the  exit  hole  (eh)  penetrates  the  interior  cell-case,  which 
must  therefore  serve  as  the  cocoon  in  which  the  pupa  transforms. 
Inside  of  some  of  these  cells  I  found  traces  of  a  flossy  texture. 
The  cells  are  commonly  spherical,  but  (as  in  fig.  10)  sometimes 
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egg-shaped.  They  are  separate  from  the  rest  of  the  gall,  from 
which  they  quite  differ  in  appearance,  and  are  of  a  firmer  sub- 
stance. In  fig,  10,  the  gall  is  three-sixteenths  of  an  inch  in 
length,  of  which  the  cell  occupies  two-thirds,  that  is,  one-eighth 
of  an  inch.  The  largest  gall  observed  had  an  outside  measure- 
ment of  three-eights  inch  long  and  the  same  across  the  top.  In 
one  of  the  galls  opened,  I  found  an  imperfect  insect  (imago), 
which  is  identified  b}'  Mr.  E.  T.  Cresson  as  of  the  genus  Cynips, 
a  true  gall-fiy.  The  specimen  would  not  permit  further  identifi- 
tification. 

At  the  meeting  of  the  American  Association  for  the  Advance- 
ment of  Science,  held  in  1880,  at  Boston,  I  had  the  pleasure  of 
presenting  the  substance  of  this  paper  to  the  Entomological 
Section.  My  account  of  the  extravasation  of  the  galls,  as  above, 
caused  much  comment,  the  result  of  which  was  to  confirm  the 
accuracv  of  the  observation  which  had  been  challen":ed.  Prof. 
C.  V.  Riley,  well  known  as  an  entomologist,  declared  upon  his 
own  observations,  that  many  galls  exude  saccharine  matter,  citing 
among  others,  those  of  certain  Phylloxene  on  Hickory,  one  of 
which  he  had  named  caryse-gummosa  on  account  of  the  abundance 
and  stickiness  of  the  exudation.  Mr.  H.  F.  Bassett,  who  has  made 
extensive  and  careful  studies  of  galls,  said  that  he  had  found 
many  species  of  galls  visited  by  ants  * 

Specimens  of  the  oak-gall  visited  by  Melliger  were  sent  to  Mr. 
Riley,  concerning  which  he  says :  The  gall  is  one  that  is  found 
quite  commonly  in  the  Rocky  Mountain  region  on  Quercus  undu- 

*  Amencan  Entomologist,  Dec,  1880.  The  following  additional  remarks 
will  be  ioteresting  in  this  connection  :  Mr.  E.  P.  Austin  remarked  that 
the  chemical  composition  of  sugar  and  woody  fibre  are  the  same,  and  that 
sugar  could  be  produced  by  conversion  from  woodj  fibre  in  the  plant.  Dr. 
J.  L.  Le  Conte  said  that  ho  understood  tannin  to  be  a  conjugation  of  gallic 
acid  and  sugar.  Mr.  B.  P.  Mann  suj^^gcsted  that  some  light  might  be 
thrown  upon  this  food-supply  of  the  ants,  by  the  nature  of  mucli  of  the 
moisture  which  appears  occasionally  at  night  in  great  abundance  on  tlie 
leaves  and  other  portions  of  plants,  and  which  is  usually  mistaken  for 
dew.  Tliis  moisture,  it  is  said,  dift'ers  from  dew  in  being  produced  under 
circumstances  which  would  not  account  for  the  formation  of  dew,  and  in 
containing  a  perceptible  quantity  of  sugar.  It  is  the  ordinary  watery  ex- 
cretion from  the  surface  of  the  plant,  which,  under  favorable  conditions 
of  the  atmosphere,  collects  iu  beads  or  in  drops,  instead  of  evaponiting  as 
rapidly  as  it  is  formed. 
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Za/fl,  as  determined  by  Dr.  Engelmann,  who  sent  me  the  same  gall 
in  1874,  though  I  had  previously  collected  it  myself.  It  is,  un- 
doubtedly, an  undescribed  gall,  and  a  very  similar  one  occurs  on 
the  Quercua  macrocarpa  in  the  Mississippi  valley.  It  has  the 
ordinary  woody  texture  that  belongs  to  so  many  Cynipidous  oak- 
stem  galls,  and  the  architect  develops  in  a  paler  cell  that  occupies 
a  large  part  of  the  interior  of  the  gall.  When  fresh,  the  gall  is 
quite  bright-colored,  inclining  to  crimson  or  scarlet.  It  seldom 
attains  a  larger  size  than  an  ordinary  pea,  and  ditfers  from  similar 
galls  in  my  cabinet  by  having  frequently  a  rather  broad,  flattened 
crown,  though  this  character  is  b}'  no  means  constant.* 

Nocturnal   Habits. — It  has  already  been  said  that  the  ants 
collect  the  oak-gall  nectar  by  night.      Observations  daily   re- 
peated upon  a  number  of  nests,  determined  that  they  leave  their 
nests  for  the  oak  thickets  at  or  near  7.30  oVlock   P.  M.,  and 
between  that  hour  and  8  o'clock,  which  is  about  the  time  of  sun- 
set in  Jul}'  and  August.     Previous  to  the  departure,  the  crater, 
gate  and  exterior  of  the  mound  l>ecome  gradually  covered  with 
swarms  of  insects  whose  yellow  bodies  quite  hide  the  red  gravel 
surface  of  the  nest.     The  marching  of  the  honey-gatherers  has 
already  been  described,  but  always  there  remained  a  very  numer- 
ous force  at  home,  who  were  seen  at  all  hours  of  the  night  on 
guard  within  and  around  the  gate.     (PI.  V,  fig.  25.)     The  return 
home  began  al)out  or  a  little  before  midnight,  and  continued  until 
between  four  and  five,  which  was  near  daylight  at  that  season. 
One  or  two  extracts  from  mv  field  notes  will  indicate  the  facts  on 
this  point.     "  11.30  P.  M.     Some  ants  returning  home ;  the  move- 
ment very  slow  and  deliberate.     .     .     .     12.30.     Quite  a  number 
are  now  returning.     Some  are  also  still  going  outward.     Numbers 
of  workers  patrol  the  mound  and  vicinity  challenging  nearly  all  in- 
comers, who  have  to  stand  the  test  and  give  the  required  satisfac- 
tion.    What  is  the  antennal  password  if     None  of  the  returning 
repletes  are  tolled  b^^  the  home  sentries.     .     .     .     This  morning 
at  4.10  A.  M.  the  ants  were  seen  coming  in  from  the  oak  bushes, 
most  of  them  well   laden,  but   others   not  so  full.     There  are 
evidently'  degrees  of  success   in   honey-gathering  among  them. 
Some  of  the  dwarfs  had  very  full  abdomens.     .     .     .     4.30  A.  M. 

^  He  suggests  for  the  gall  the  name   Cynips  quercM'mellaria,    Am. 
Ento,  Dec.  1880. 
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The  ants  are  returning  in  numbers  and  rapidly  moving  from  the 
brush  to  the  nest.     It  is  about  daylight." 

In  these  night  observations  the  light  of  the  lantern  seemed  to 
cause  the  ants  in  column  no  little  disturbance.  They  would  go 
toward  the  lantern  as  it  sat  on  the  ground  near  the  trail,  appear 
to  examine  it,  then  move  away.  It  really  seemed  to  confuse  their 
ideas  of  locality,  and  shake  their  confidence  as  to  the  site  of  the 
trail,  although  no  one  was  finally  thrown  off  the  track  thereby. 
The  sentries  at  home  were  always  more  or  less  excited  by  the 
light,  and  delicate  manipulation  was  everywhere  required  in  order 
to  preserve  the  natural  conditions  and  get  the  natural  behavior. 

At  no  time  were  the  ants  seen  during  the  day  except  when  it 
rained,  and  then  only  a  few  sentinels  appeared  at  the  gate.  Ordi- 
narily the  entrance,  as  far  as  the  eye  could  see,  was  entirely 
abandoned.  It  is  doubtful  if  Melliger  can  endure  a  great  amount 
of  sunlight  and  heat.  While  excavating  a  nest,  a  number  of 
8i)ecimens  were  collected  in  a  large  empty  glass  botkle,  which  was 
set  aside  for  further  use.  Not  more  than  three  minutes  afterward 
when  I  took  up  the  vessel  to  insert  more  specimens,  those  alread}' 
collected  were  dead.  The  sun  had  killed  them.  I  was  surprised 
at  this  quick  fatal  issue,  and  tried  to  revive  the  insects ;  but  no, 
they  were  quite  dead.  The  sun  was  of  the  usual  August  tempera- 
ture, but  the  bottle  was  large,  and  such  a  result  in  so  brief  a  time 
argues  extreme  sensitiveness  to  the  heat.  I  have  observed  that 
the  agricultural  ants^  always  avoided  the  noonday  heats  of  Texas, 
which  are  certainly  intense ;  and  indeed  all  ants  appear  to  me  to 
shun,  more  or  less,  the  midday  fervor  of  the  sun.  But  Melliger 
doubtless  is  more  susceptible  to  solar  influences-  than  most  of  her 
fcUows.  It  cannot  therefore  be  wondered  at  that  she  seeks  her 
food  under  the  shelter  of  night. 

Y.  Quality  op  the  Ant  Honey. 

A  number  of  the  honey-bearers  were  unavoidably  injured  and 
their  abdomens  broken  during  the  excavations  of  the  nests,  and  I 
observed  from  these  the  quality  of  the  honey.  It  is  very  pleasant, 
with  a  peculiar  aromatic  flavor,  suggestive  of  bee-honey,  and  quite 
agreeable  to  me.  Dr.  Loew  describes  it  as  having  "  an  agreeable 
taste,  slightly  acid  in  summer  from  a  trace  of  formic  acid,  but 
perfectly  neutral  in  autumn  and  winter.*'     It  contains,  according 

^  Op.  cit.,  p.  18. 
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to  this  writer,  a  little  more  water  than  the  honey  of  bees,  and  has 
therefore  somewhat  greater  limpidity. 

Fortunately,  the  composition  of  this  ant-honey  has  Ijeen  sub- 
jected to  a  thorough  chemical  analj'sis  by  a  competent  authority,  Dr. 
Chas.  M.  AVetherill.*  The  exi)eriment8  were  made  at  the  request 
of  Dr.  liOid}'^,  from  specimens  of  3L  meUifjer-mexicamni  collected 
by  Mr.  Langstroth  at  Matamoras,  Mexico.^  These  ants  sliowed 
the  variations  observed  bj'  me  in  the  distension  of  the  abdomen, 
and  the  amount  and  color  of  the  hone}'.  Six  of  the  average-sized 
honey-bearers  were  weighed,  and  showed  the  average  Wi*iglit  of  the 
honey -bearer's  body  alone  (without  honey)  to  be  0*048  grammes, 
and  the  average  of  hone}'  in  a  single  ant  0*3942  grammes.  The 
amount  of  honey  was  therefore  8*2  times  greater  in  weight  than 
the  body  without  the  honey.  The  density  calculated  for  the  ants 
tilled  with  honey  was  1*28,  and  for  the  bodies  alone  105.  Dr. 
Wetherill's  calculations  expressed  in  English  Troy  weight  would 
allow  about  six  grains  for  the  weight  of  each  honej'-bearer.  It 
would  tlius  require  about  one  thousand  (960)  honej'-bearers  to 
3'ield  one  pound  of  honey  (Troy  weight),  or  about  twelve  hundred 
(116B)  to  yield  a  market  or  avoirdupois  pound. 

The  syrup  extracted  from  the  ants  had  an  agreeable  sweet  taste, 
and  an  odf>r  like  that  of  the  syrup  of  squills.  When  set  aside  as 
removed  it  showed  no  trace  of  crystallization  to  the  naked  eye  or 
under  tlie  microscope.  Under  high  powers  fragments  of  organic 
tissue  were  seen.  When  evaporated  by  the  heat  of  steam,  it  dried 
to  a  gummy  mass,  which  did  not  exhibit  tnices  of  crystallization 
after  standing  for  a  couple  of  weeks. 

This  mass  was  very  hydroscopic,  becoming  quickly  soft  from 
the  absorption  of  water  from  the  atmosphere.  It  dissolved  with- 
out residue  in  ordinary  alcohol,  leaving  a  residue  in  nearly  absolute 
alcohol.  These  solutions  did  not  crystallize  when  set  aside. 
They  had  exactly  the  smell  of  perfumed  ba}'  rum.  After  various 
tests,  which  are  described.  Dr.  Wetherill  analyzed  b}'  combustion 
with  oxide  of  copper  and  chlorate  of  potassa  a  portion  of  the  gum- 
.  ke  substance  which  resulted  atler  the  ant-honey  had  been  left  in 
vacuo  for  two  weeks.  As  this  was  not  perfectly  hard,  but  of  a 
sticky  nature,  it  was  necessary  to  introduce  it  into  the  combustion 

1  Proc.  Acad.  Nat.  Sci.  Philad.,  Vol.  VI,  pp.  Ill,  112,  1852. 

^  I  have  some  of  these  still  in  good  condition  after  twenty-uine  years' 
preservation  in  alcohol. 
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tube  upon  a  piece  of  glass.  0'497  of  honey  gave  0.306  of  water, 
and  0.684  of  carbonic  acid,  corresponding  to  a  percentage  of 
C  =  37-535,  H  =  6.841,  0  by  loss  =55*634.  This  corresponds, 
as  nearly  as  could  be  expected  under  th^  circumstances  of  th* 
analysis,  with  the  formula  of  crystallized  grape  sugar,  C,^  Hj^  0,4. 

Dr.  Wetherill,  who  in  this  analysis  was  especially  seeking  light 
upon  the  origin  of  the  ant-hone}*,  thus  announces  his  conclusion  : 
''  It  results,  I  think,  from  these  experiments,  that  the  honey  con- 
tained in  the  Mexican  ant  is  a  nearly  pure  solution  of  the  sugar, 
so  called,  of  fruits,  which  is  in  a  state  of  hydration,  isomeric  with 
grape-sugar,  Cia  H14  Ou,  and  differing  from  grape-sugar  in  not 
crystallizing.'*  It  is  certainly  an  interesting  confirmation  of  the 
value  of  this  reasoning  from  analysis,  that  the  ants  have  been 
proved  by  field  observations  to  have  collected  their  honey -dew  as 
Dr.  Wetherill  concluded,  from  the  nectar  of  plants.  Thus  the 
methods  of  cabinet  and  laboratory,  and  the  objective  studies  of 
the  field,  confirm  and  complete  each  other. 

With  regard  to  the  acidit}'  of  the  ant-honey,  which  has  been 
referred  to,  Dr.  Wetherill  found  that  it  reacted  slightly  acid  to 
blue  litmus  paper,  but  want  of  material  prevented  satisfactory 
experiments.  He  was  in  doubt  as  to  whether  it  was  formic  acid, 
or  acetic  from  the  oxidation  of  tlie  alcohol  in  which  the  ants 
were  preserved.  A  portion  of  the  alcohol  (reacting  acid  like  the 
honey)  neutralized  by  caustic  potassa,  when  distilled  with  sulphuric 
acid,  gave  an  aqueous  acid  liquid,  which,  on  addition  of  nitrate  of 
silver,  gave  a  whitish  precipitate,  becoming  black  on  boiling,  ren- 
dering the  supposition  of  formic  acid  probable. 

The  uses  to  which  the  Mexicans  and  Indians  put  this  ant-honey 
are  various.  That  they  eat  it  freely,  and  regard  it  as  a  delicate 
morsel  is  beyond  doubt.  Prof.  Cope,  when  in  New  Mexico,  had 
the  ants  oflered  to  him  upon  a  dish  as  a  dainty  relish.  The  Mexi- 
cans (Loew)  press  the  insects,  and  use  the  gathered  honey  at 
their  meals.  They  also  are  said  to  prepare  from  it  by  fermenta- 
tion an  alcoholic  liquor.  Again,  they  are  said  (Edwards)  to  apply 
the  honey  to  bruised  and  swollen  limbs,  ascribing  to  it  great 
healing  properties.  Dr.  Loew's  suggestion  to  bee-keepers  to  test 
the  commercial  value  of  these  ants  as  honey  producers  is  wholly 
impracticable.  The  difficulties  of  farming  the  colonies,  gathering 
the  supply,  and  the  limited  quantity  of  the  product,  would  prevent 
a  profitable  industry.     The  greatest  number  of  honey-bearers  in  a 
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large  colony,  taking  m}'  observations  as  a  standard,  will  not  exceed 
six  hundred,  which,  counting  six  grains  of  honc}'  to  the  ant,  would 
be  little  more  than  one-half  pound  avoirdupois.  Besides,  the  senti- 
ment against  the  use  of  honey  thus  taken  from  living  insects, 
which  is  worthy  of  all  respect,  would  not  be  overcome.  The 
Mexicans  and  Indians  will  therefore  probably  not  be  disturbed  in 
their  monopoly  of  the  honey-product  of  the  nests  of  Melliger. 

YI.  Interior  Architecture. 

Gate  Architecture. — In  order  to  determine  Uie  gate  archi- 
tecture— a  term  by  which  I  characterize  the  structure  of  the  nest 
nearest  to  the  entrance — several  formicaries  were  carefull}-  opened 
and  studied.  Four  of  these  are  here  given  as  fair  tj'i^es  of  all.  It 
will  be  seen  from  these  that  a  general  similarity  of  plan  prevails. 
The  gate  itself  is  a  single  tubular  opening  in  the  centre  of  the 
mound,  from  three-fourths  to  seven-eighths  of  an  inch  in  diameter. 
It  is  smooth  within,  and  penetrates  the  mound  and  the  eartli  perpen- 
dicularl}'  to  a  depth  varj'ing  from  tliree  and  one-half  to  six  inches. 
This  gate  is  funnel-shai)ed  at  the  top,  and  the  funnel  (PI.  lY ,  fig.  14, 
F)  is  gravel-lined,  di tiering  therein  from  the  lower  part  or  nozzle  of 
the  gate  (fig.  1 8,  N).  The  iiozeIc  descends  perpendicularly,  or  with 
a  slight  slope,  for  three  inclies,  more  or  less,  and  then  deflects  at 
an  angle  more  or  less  abrupt,  forming  an  arm  (A)  usually  shorter 
tlian  the  nozzle.  This  leads  into  a  series  of  radiating  galleries 
and  rooms,  and  the  point  of  deflection  may  be  called  the  vestibule, 
Y.  These  galleries  and  rooms  appear  to  extend  quite  habituall}'^ 
beneath  and  chiefly  in  one  direction  from  the  gate.  There  are 
indeed  galleries  immediately  surrounding  the  gate  on  every  side ; 
but  these  appear  to  be  limited  except  in  the  one  direction,  within  a 
radius  of  about  eight  to  ten  inches,  and  to  the  same  distance  in 
depth. 

These  general  statements  may  be  illustrated  and  expanded  by 
the  following  details  of  particular  nests. 

1.  Nest  No.  7,  fig.  19,  was  a  small  nest  three  and  one-third 
inches  in  diameter.  The  gate  had  a  perpendicular  depth  from  the 
surface  of  three  inches.  Thence  at  nearly  a  right  angle  it  bent 
south-east  for  two  and  one-half  inches,  forming  the  arm,  A,  and 
meeting  at  Y  a  series  of  branching  galleries,  a,  b,  c,  d.  Gallery  a, 
bore  westward,  terminating  under  the  gate ;  6,  bore  southwest, 
appearing  to  run  upward  toward  the  surface ;  c,  extended  down- 
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ward  and  southward  at  a  sharp  inclination,  entering  a  long  room. 
E,  was  a  small  circular  chamber,  at  one  end  of  which  was  a  beau- 
tiful gallery,/,  running  deep  downward  and  inclining  slightl}'  west. 
It  was  entered  near  by  and  above  by  another  gallery,  (Z,  running 
toward  the  surface. 

2.  Nest  No.  6,  fig.  18.  The  depth  of  the  gate,  G,  was  three 
inches ;  the  length  of  the  arm,  A,  two  inches.  The  gallery  into 
which  A  opened  toward  h,  divided  at  one  end  with  two  branches 
separated  a^  their  mouths  by  a  little  column  of  two  stones  resting 
one  upon  the  other.  The  gallery,  c,  could  be  traced  at  least  six 
inches   downward,  and  a  gallery  opened  directly  downward  at  a. 

3.  Nest  on  Eaglehead  Ridge,  PL  Y,  fig.  20.  This  nest,  from 
which  many  of  my  night  studies  were  made,  was  finally  opened, 
and  the  section  view,  fig.  20,  taken.  The  vestibule,  as  in  the  above 
examples,  also  opened  into  a  main  gallery,  6,  which  led  to  the 
northeast,  and  joined  a  circular  gallery  which  passed  around  the 
vestibule  and  terminated  in  an  oval  room,  A.  At  the  other  end  it 
entered  a  circle,  which  widened  upon  one  side  into  a  ba^'-room, 
and  sent  off  a  couple  of  branches,  one  of  which,  c,  was  a  chamber. 
Two  galleries,  g  gr,  opened  downward.  Be^'ond  this,  southward, 
was  a  long  waved  gallery,  D  D,  which  ended  at  e  e,  and  branched 
at  h.     Galleries,  g  g,  in  this  series,  also  led  downward. 

No.  4.  Fig.  23,  Nest  No.  4,  on  Adams  Ridge.  The  diameter  of 
this  mound  was  three  and  one-half  inches  at  the  top  and  seven 
Inches  at  the  bottom.  The  vestibule  sloped  eastward  from  the 
summit,  downward  three  inches  to  the  main  gallery,  which  had 
three  branches,  a?,  y  and  z ;  x  was  followed  six  inches  northeast 
and  upward ;  t/,  extended  southwest  and  downward ;  z,  southeast 
and  downward.  A  gallery,  1,  ran  upward  from  2,  and  connected 
with  X.  Another,  2,  opened  on  the  southwest  into  a  room.  A, 
six  inches  long  and  three  inches  wide,  at  the  west  end  of  which 
were  galleries  dividing  north  and  south.  A  third  gallery  separated 
from  z  at  3,  and  bent  northward,  apparently  uniting  with  a  room, 
A,  five  inches  long.  This  room  was  entered  again  by  a  widened 
mouth,  Be,  about  one-half  inch  above  z.  At  the  vestibule  and 
upper  part  of  z  were  a  number  of  cocoons.  The  room,  A^  was  five 
inches  below  the  surface  of  the  ground  at  G. 

Galleries  and  Honey-Rooms. — The  last  figure  gives  an  idea 
of  the  relation  of  some  of  the  honej^-rooms  to  the  gate  and  the 
upper  series  of  galleries.     These  rooms  lie  at  least  as  near  to  the 
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surface  as  six  and  eight  inches.  The}-  vary  in  size,  but  for  the 
most  part,  are  about  five  or  six  inches  in  length  and  three  or 
four  in  width.  They  are  iri'egular  in  their  outlines,  but  have  a 
general  tendencj'  toward  the  oval.  One  of  tlie  most  irregular  is 
figured  at  PI.  Y,  fig.  21,  HR,  a  large  cham>)er  which  lay  nearly 
underneath  the  gate.  The  gallery,  g  f/,  into  which  the  vestibule 
opened,  debouched  into  this  room,  and  a  ^x^rtion  of  the  gallery 
roof  unbroken  is  shown  at  ug.  At  B,  appeared  a  bay-room,  oj 
enlargement  of  a  gallery,  which  penetrated  the  earth  horizontall}* 
at  one  end  and  at  the  other  seemed  to  wind  into  the  vestibule. 
The  height  of  the  rooms  at  the  walls  or  sides  is  from  one-half  to 
three-fourths  of  an  inch.  The  roof  is  vaulted,  thus  causing  the 
height  to  increase  gradually  until  at  the  centre  it  is  one  and  one- 
half  inches,  which  is  the  greatest  distance  that  I  measured. 

Floors  and  Roof. — The  floors  and  walls  are  well  nigh  invari- 
ably smooth,  quite  smooth  some  of  them.  The  roof,  on  the  con- 
trary, is  rough,  presenting  the  natural  condition  after  the  sandy 
pellets  of  earth  and  the  little  pebbles  had  been  picked  out  b}'  the 
workers.  This  can  hardly  be  otherwise  than  by  purpose,  precisely 
as  with  the  smoothness  of  the  floors.  The  roughness  of  the  roof 
evidently  greatly  favors  the  use  to  which  the  honey-bearers  put  it 
as  a  perch.  So  the  smoothness  of  the  floor  and  walls  much  better 
adapts  them  for  the  use  of  gangways.  The  amount  of  travel  to 
and  fro  must  be  enormous,  it  is  true,  in  a  large  formicary ;  but  I 
cannot  think  that  the  resulting  friction  will  account  for  the  smooth- 
ness, independently  of  the  purposed  masonrj'  of  the  ants.  In  the 
galleries  the  entire  surface,  above  and  below,  is  smooth,  a  condi- 
tion which  might  be  anticipated  on  the  groimd  of  adaptation. 

Galleries  and  Rooms. — The  galleries  are  tubular  openings, 
varying  somewhat  in  size,  from  one-half  to  three-fourths  of  an 
inch,  and  even  more,  in  diameter.  A  vertical  section,  however, 
uniformly  shows  a  quite  perfect  circle.  The  underground  formi- 
cary ma}''  be  described  in  general  terms  as  a  s^^stem  of  galleries 
and  rooms,  arranged  in  several  horizontal  series,  one  above  another, 
approximating  the  order  of  "  stories  "  in  a  house,  and  intercom- 
municating at  many  points  by  vertical  galleries.  The  character 
of  the  interior  architecture  can,  perhaps,  be  best  shown  further  by 
giving  somewhat  in  detail  my  studies  of  one  nest. 

The  nest  selected  for  exhaustive  exploration  was  situated  upon 
the  summit  of  Adams  Ridge,  just  above  the  nook  within  which  my 
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camp  was  located.  Three  entire  days,  besides  other  portions  of 
time,  were  spent  in  this  work  by  myself  and  assistant.  The  nest 
interior  sloped  eastward,  and  toward  the  base  of  the  hill,  and 
occupied  a  space  (in  round  numbers)  eight  feet  long,  three  feet 
high  and  one  and  one-half  feet  wide,  the  whole  tunneled  through 
the  .soft  red  sandstone  rock  of  which  the  ridge  consists.  This 
rock  is  much  of  it  quite  friable,  crumbling  readily  under  the  pres- 
sure of  the  hand,  but  packs  tightly  under  the  stroke  of  mallet  and 
chisel,  thus  making  difficult  mining  for  men  if  not  for  ants.  Most 
of  our  work  was  done  with  the  chisel,  and  the  galleries  and  rooms 
had  to  be  worked  out  with  knives.*  These  thirty -six  cubic  feet  of 
ro<5k  were  fairly  honeycomljed  by  the  series  of  galleries  and  cham- 
bers above  referred  to. 

The  dimensions  of  the  exterior  nest  are  as  follows  (see  PI.  IV, 
^g.  15);  Height,  north  side,  2i  inches;  west  side,  Ig  inches; 
east  side,  1|  inches;  south  side,  1 J  inches;  distance  across  the 
top,  a  c  =  10  inches ;  distance  around  the  base,  a  i  e  c  =  2d 
inches ;  distance  around  the  crater,  m  o  n  r  =  S  inches  ;  eastern 
ridge  of  the  crater,  y  n  =  1 J  inches;  western  ridge  of  crater, 
m  8  =  ^  inch ;  distance  across  the  gate  at  x  z  =  l  inch,  at  s  u  =  | 
inch  ;  depth  of  the  gate  before  bending,  4  inches.  The  mouth,  as 
appears  from  measurement,  was  ovate  (PL  lY,  fig.  14),  but  the 
entrance  beyond  was  a  circular  tube. 

The  mound  was  removed  and  the  soil  carefully  scraped  away. 
Close  to  the  surface,  at  the  distance  of  one-half  to  three-fourths 
of  an  inch,  openings  were  found  of  various  sizes,  from  one-fourth 
to  one  inch  in  diameter.  These  openings  occurred  at  various  dis- 
tances from  the  gate,  on  all  sides,  four  and  one-half,  five,  five  and 
one-half,  eight,  eight  and  one-half  inches  and  upwards  to  ten  inches 
on  the  northwest  side,  eighteen  inches  on  the  south  side,  and 
eighty-two  inches  on  the  southeast,  in  which  direction  the  formi- 
cary extended.  Toward  the  termination  of  the  nest,  however, 
they  did  not  appear  so  near  to  the  surface. 

Section  views  were  next  had  by  cutting  across  the  nest.  On 
the  north  side  I  found  no  galleries  at  a  greater  depth  than  eight 
inches.     On  the  south  side,  the  first  cutting  was  made  east  and 

'  While  engaged  upon  this  part  of  my  work,  I  was  pleasantly  surprised 
by  a  brief  visit  of  Prof.  A.  P.  Packard.  I  am  glad  to  bo  able  thus  to  refer 
to  bis  valuable  testimony  in  confirmation  of  some  of  the  statements  of  this 
paper. 
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west,  and  thereafter  the  rock  cleared  away  outwardl,\ ,  until  the 
end  of  the  nest,  when  the  cutting  was  made  inwardly  from  the 
starting  point  toward  the  gate.  The  character  of  the  architecture 
is  the  same  throughout  the  entire  nest,  so  that  the  following  views 
will  suffice  to  typify  all  the  interior.  The  figures  PL  YI,  fig.  35, 
and  PL  V,  figs.  16,  IT,  give  views  of  vertical  and  horizontal  sec- 
tions made  from  the  gate  (southeast),  the  bottom  of  the  section 
being  twenty-one  inches  below  the  surface  and  the  distance  of  th^ 
furthest  point  from  the  gate  twent^'-three  and  one-half  inches. 
Fig.  35,  PL  VI,  is  a  front  view  of  galleries  looking  south,  and 
exhibits  a  surface  about  seventeen  inches  in  length  by  seven  in 
height.^  The  main  series  of  galleries  within  this  area  are  accu- 
rately shown,  but  the  connecting  vertical  galleries  were  broken 
away  in  the  excavation,  and  are  not  figured. 

Fig.  16  is  a  vertical  section  showing  the  southwest  and  south- 
east sides  of  the  excavation  at  the  same  point  as  the  preceding 
figure,  part  of  which  is  included  in  this  view.*  There  are  here 
shown  the  general  tendency  of  the  galleries  (g^  ^,  g)  toward  stories, 
arranged  one  above  another ;  the  relative  position  of  the  honey- 
rooms  (R,  R),  and  the  relation  of  the  series  to  the  large  honey- 
rooms,  C,  I>,  E,  shown  fully  at  fig.  11. 

The  broken  lines,  eld,  and  e  h  k^  show  a  series  of  rooms, 
some  of  whicli  were  occupied  by  larvae  and  some  by  hone}' -bearers. 
The  large  rooms,  C  D  E,  Fig.  H,  belong  to  the  lowest  series,  and 
are  figured  and  described  as  fairly  typical  of  all  the  hone^'-rooms 
and  other  chambers.  They  were  carefully  uncovered  by  chisel 
and  knife,  and  after  being  sketched,  a  plaster  cast  was  taken  of 
them,  which  is  preserved  in  my  collection.^     These  rooms  were  of 

*  Detailed  measurements. — a  to  G  —  5^  inches  ;  G  to  (f .~  11  inches ; 
e  to  /  —  10  inches  ;  A  to  t  =  11  inches  ;  k  to  i  ==  11  inches  \  m  to  n  =  Z 
inches ;  6  to  «  =  2%  inches ;  o  to  /—  3)^  inches ;  /)  to  y  =  1>^  inches ; 
qiok  =  2%  inches ;  »  to  2  —  2%  inches ;  o  to  r  =  Z%  inches :  2  to  «  =  6X 
inches. 

'  Fig.  16  measurements,  —a  to  ft  =  A]4  inches  ;  c  to  d  =  10  inches ;  « to/ 
..  4  inches ;  A  to  »  =  4>^  inches ;  i  to  A;  —  A%  inches/  c  to  j  =  1<J  inches. 
The  gallery,  j^  appeared  to  connect  upward  with  the  lowest  series  of 
rooms,  efh  k. 

'  1  succeeded  by  vast  painstaking  and  labor  iii  securing  a  number  of  fine 
specimens  of  the  architecture,  which  were  carefully  packed  in  boxes  and 
committed  to  the  Express  Company  at  Colorado  Springs.  The  company 
received  a  heavy  bill  for  transportation,  and  delivered  my  beautiful  and 
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an  irregular  oval  shape ;  in  length  five,  three  and  one-half,  and 
six  inches  successive!}^  (C,  D,  E),  and  were  of  an  average  width 
of  about  four  inches.  They  were  not  built  upon  a  level,  the 
origin  of  C,  at  6,  being  three  and  one-half  inches  above  the 
middle  point  of  D,  and  six  inches  above  the  termination  of  E. 
A  side  gallery,  g  g,  skirted  two  of  the  rooms,  and  appeared  to 
open  upon  a  fourth  chamber  at  F,  which,  however,  was  too 
much  broken  in  the  digging  to  be  identified.  Of  course,  only 
the  floor  and  part  of  the  side  walls  of  the  rooms  are  shown, 
but  the  roofs  were  vaulted  and  rough,  as  already  described, 
and  rose  to  the  height  of  three-fourths  to  one  and  one-fourth 
inches.  Within  them,  clinging  to  the  roofs,  were  packed  the 
rotunds.  The  number  in  each  room  averaged  about  thirty ;  and 
as  there  were  at  least  ten  chambers  thus  occupied,  the  number  of 
rotunds  in  the  nest  was  certainl}^  not  less  than  three  hundred.  Of 
far  the  greater  proportion  of  these  the  abdomens  were  distended 
to  a  perfect  sphere. 

The  Queen  Room. — I  had  the  good  fortune  to  capture  the 
fertile  queen  of  this  colony.  She  was  found  quite  near  the 
extreme  end  of  the  formicar}-,  in  a  nearly  circular  room  four 
inches  in  diameter.  The  series  of  ffalleries  and  honev-rooms 
which  composed  the  formicary  terminated  in  a  single  gallery 
(fig.  22,  g  g  y),  about  eighteen  inches  long,  three-fourths  inch 
wide  and  one-fourth  inch  deep.  The  gallery  sloped  sharply  with 
the  slope  of  the  hill-side  on  which  the  nest  was  made.  Near  the 
middle  part  thereof  was  the  queen-room  (C),  being  seventy-two 
inches  from  the  central  gate  and  twenty-eight  and  one-half  inches 
below  the  surface  of  the  hill.  Besides  the  queen  the  room  con- 
tained a  large  number  of  naked  grubs,  callows,  honey-bearers  and 
workers.  It  is  not  improbable  that  the  queen  habitually  dwelt  in 
or  near  this  room;  but  it; may  be  that  during  the  successive 
attacks  upon  the  nest,  the  workers  bore  their  queen  still  further 
and  further  from  the  point  of  danger  until  the  limit  was  reached. 

Ten  inches  below  the  queen-room,  the  gallery,  g  g  g,  was  con- 
tinued until  it  finally  terminated  in  a  small  circular  chamber  (E) 
or  bay  on  the  one  side,  and  on  the  opposite  side  a  narrow  gallery 
{t  y),  which  curved  upward.     This  was  the  end  of  the  formicar3\ 

costly  specimens  at  the  Academy  broken  in  pieces  !  It  was  au  act  of  gross 
carelessness,  which  merits  this  notice,  as  some  specimens  brought  home  in 
my  trunk  survived  even  the  ''baggage  smashers." 
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It  was  eighty-two  inches  from  the  central  ^ate,  forty  and  one-half 
inches  below  the  level  of  the  main  nest  gate,  and  twenty-nine  and 
one-half  inches  below  the  level  of  the  hill-side.  The  entire  length 
of  the  formicarv  from  northwest  to  southeast  was  thus  seven  feet 
eight  inches.* 

Til.  Queen*  Life. 

The  captured  queen  of  the  large  excavated  nest  was  trans|K)rted 
to  Philadelphia,  placed  in  one  of  ray  artificial  nests,  a  large  glass 
globe,  and  atforded  several  interesting  observations  ui>on  her 
habits. 

Her  Body-Guard.— After  the  usual  custom  of  ants,  she  was 
continmilly  surrounded  by  a  guard  of  workers  (PI.  VI,  tig.  29) 
varying  in  number,  but  usually  as  many  as  twelve  or  twenty. 
These  attendants  quite  enclosed  hi-r,  and  restricted  her  move- 
ments, apparently  watching  and  guarding  her  with  great  careful- 
ness. On  one  occasion  when  she  escaped  to  the  upi)er  surface  of 
the  nest,  she  was  followed  and  seized  by  a  worker-major,  who 
interlocked  lier  mandibles  with  the  queen's  (PI.  VI,  fig.  20)  and 
dragged  her  down  the  gatewa}-  into  the  interior.  The  royal  lad}' 
gave  onh'  a  passive  resistance,  hoMing  back  somewhat  heavily-. 

Depositing  Kugs. — I  quote  from  my  notes  the  description  of 
this  process,  the  various  stages  of  which  I  was  also  able  to  sketch. 
'*  The  queen  has  l)een  laying  a  small  heap  of  eggs.  She  is  now  on 
a  little  elevation  of  earth,  surrounded  by  a  number  of  workers  of 
all  castes,  some  of  whom  lick  her  alnlomen,  esiK'cially  beneath  and 
at  the  aiMJX.  One,  meanwhile,  gives  her  food  in  the  usual  way,b3' 
regurgitation.     I  see  the  tongues  of  the  two  insects  overlap  in  the 

*  Wliile  preparing  clay  models  of  some  of  the  above  examples  of  ant 
architecture  for  my  cabinet  of  Insect  Architecture  in  the  Academy  of 
Natural  Sciences,  it  was  suggested  that  moulds  be  made,  from  which 
plaster  casts  could  be  taken,  for  the  bimefit  of  such  other  scientific  collec- 
tions and  public  museums  as  they  might  be  wished  for.  Tliis  I  had  done, 
and  the  moulds  are  now  in  the  hands  of  the  Curator  in  charge  of  the 
Academy,  by  whom  they  will  be  furnished,  upon  proper  order,  at  the  cost 
of  reproduction  and  packing,  as  nearly  as  may  be.  Five  specimens  are 
cast,  viz.,  those  figured  at  Tl.  II,  fig.  4,  and  PI.  V,  figs.  16,  17,  22  and  23. 
They  are  cast  natural  size,  except  fig.  16,  which  is  half  size.  The  cost, 
painted  natural  color,  will  be  $10  f'^r  the  set,  unpainted  $6.  Orders  should 
be  sent  to  Charles  F.  Parker,  Curator  in  charge  Academy  of  Natural 
Sciences,  Philadelphia,  Pa.,  U.  S.  A. 
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act.  The  queen's  abdomen  is  raised  high,  her  head  is  stooped, 
she  lifts  the  abdomen  up  and  down.  The  workers  have  clustered 
under  her  body,  giving  her  somewhat  the  appearance  of  a  success- 
ful candidate  undergoing  '  a  chairing.'  She  has  changed  her 
position ;  the  workers  follow,  quite  surrounding  lier.  Two  are 
beneath  the  abdomen,  which  is  depressed  now,  the  head  being 
elevated.  The  attendants  sit  down  patiently  to  watch.  They 
keep  their  antennte  moving  continuall}',  while  they  amuse  tliem- 
selves  by  cleansing  their  persons.  The  queen  moves  ;  a  dwarf 
seizes  a  fore-foot  and  attempts  to  control  her  course.  This  and 
*' nipping  "  witli  the  mandibles,  is  the  common  mode  l>y  which  the 
guard  directs  the  queen's  motions.  The  eggs  laid  are  in  an 
irregular  mass  about  one-eighth  of  an  inch  thick.  There  are 
twenty  to  thirty  minute  yellowish,  ovoid  objects,  which  adhere  to 
each  other.  The  workers  surround  the  mass,  some  appeared  to 
lick  it.  The  queen  straggles  over  the  eggs,  i)laces  a  foot  upon 
the  mass.  A  dwarf  seizes  the  foot  hastily  and  draws  it  back, 
while  another  worker  catches  up  the  egg-mass  and  draws  it  aside.'' 
The  observation  was  made  at  11.20  P.  M. ;  at  1  A.  M.,  when  I 
retired,  no  change  had  occurred.  This  is  as  much  of  this  interest- 
ing behavior  as  I  was  able  to  observe  in  this  female.  I  have, 
however,  seen  the  actual  deix)sition  of  the  eggs  b}'  a  queen  of 
Camponotus  pennsylvanicus.^ 

YIII.  Acts  of  Beneficence. 

In  the  natural  sites  the  workers  showed  great  interest  in  the 
preservation  and  removal  of  the  rotunds,  dealing  with  them  very 
much  as  with  the  larvai.  As  the  honey-rooms  were  opened  and 
the  rotunds  disturbed  from  their  roosts,  the  workers  of  all  castes 
rushed  eagerly  to  them,  and  dragged  them  into  the  unbroken 
interiors.  Sometimes  several  ants  would  join  in  removing  one 
rotund,  pushing  and  pulling  her  along.  One  sketch  (PI.  VI,  fig. 
27)  made  in  my  notes,  represents  a  major  pulling  a  rotund,  whom 
she  has  seized  with  her  mandibles  bv  the  outer  abdominal  wall, 
while  a  dwarf-worker  is  mounted  upon  the  globe,  standing  upon 
her  hind  legs  "  a-tip-toe,"  as  it  were,  pushing  lustily.  Another 
sketch  (PI.  YI,  fig.  36),  caught  on  the  spot,  represents  a  worker- 
major  dragging  a  rotund  honey-bearer  up  the  perpendicular  face 

1  See  a  note  in  "Proceed.  Acad.  Nat.  Sci.  of  Phila.,'»  1870,  p.  140. 
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of  a  cutting  made  in  the  excavation  of  the  nest.  The  mandibles 
of  the  two  insects  were  interlocked,  and  the  worker  backed  up  the 
steep,  successful!}'  drawing  her  protegd. 

This  interest  is  maintained  in  the  dail}'  life  of  the  formicary. 
Tlie  workers  were  continually  seen  hovering  about  the  rotunds  as 
they  hung  from  the  roof  of  my  nests,  or  as  they  lay  upon  the  floor 
cleansing  their  bodies.  It  is  evident  that  these  creatures  are 
regarded  as  dependents,  and,  as  with  the  queen,  virgin  females, 
males  and  larvic,  are  fed  and  tended  by  the  active  members  of  the 
communitv.  In  all  these  cases  the  same  communal  instinct 
would  of  course  control  action,  giving  at  least  the  semblance  of 
beneficence. 

Lack  of  Individual  Beneficence, — But  a  great  number  of  ex- 
amples fell  under  notice  which  go  to  throw  doubt  upon  the  pos- 
session of  any  personal  or  individual  sentiment  as  towards  special 
cases  of  need,  outside  of  the  above  limit.  Some  of  these  may 
deserve  permanent  record. 

1.  In  making  up  m}' artificial  nests,  I  placed  in  the  natural  soil, 
which  was  closely  packed  down,  and  then  introduced  the  ants, 
knowing  that  they  would  work  out  their  own  habitations.  The 
honey -bearers  wore  thus  mingled  upon  the  surface  with  the 
workers,  upon  whom  fell  the  entire  task  of  digging  galleries.  In 
this  work,  and  in  the  distribution  of  the  excavated  pellets,  there 
was  much  room  for  the  exhibition  of  individual  carefulness  and 
tenderness  toward  the  honey-bearers.  Not  a  single  such  instance 
was  noted,  althoujjh  I  watched  closelv  and  with  some  anxietv  to 
discover  such  excellencies  in  my  little  friends.  On  the  contrary, 
the  exhibitions  of  an  apparent  cruel  neglect  and  positive  cruelty 
were  many.  The  grains  of  sand  and  soil  were  heaped  around  the 
rotunds  (PI.  VI,  fig.  31)  until  the  poor  creatures  were  literally 
buried  alive.  It  would  have  been  easy  for  the  busy  masons  to 
draw  their  fellows  aside  and  thus  carr}-  on  their  work.  But  it 
either  never  occurred  to  them  to  do  so,  or  the  disposition  was 
wanting. 

2.  Again,  as  the  openings  were  made  into  the  earth,  most  of  the 
rotunds,  not  prevented  as  above,  managed  to  roll  down  the 
galleries  and  secure  a  place  in  the  honey-rooms.  They  were  not 
observed  to  be  aided  in  this  by  the  workers,  and  I  believe  that 
they  attained  their  perches  unaided.  Some  of  them,  on  the  route, 
became  fastened  in  the  gang-way  in  most  uncomfortable  positions. 
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heads  downwards,  bodies  awn-,  etc.  The  workers  passed  b\'  and 
over  them  continually,  for  many  days,  without  the  slightest 
apparent  concern,  and  certainly  without  a  single  observed  effort 
to  relieve  their  comrades,  who  could  readily  have  been  extricated 
and  drawn  into  the  chambers. 

3.  It  frequently  happened  that  the  rotunds  dropped  or  were  shaken 
down  from  their  perch  against  the  roof  to  the  floor.    These  creatures 
remained  in  the  positions  in  which  they  fell,  except  when  they 
chanced  to  so  fall  as  to  be  able  to  clasp  with  their  claws  some 
clod  of  earth,  or  bit  of  gravel,  or  the  rough  surface  of  the  project- 
ing walls  or  roof.     In  such  case,  they  either  recovered  their  perch, 
or  placed  themselves  in  comparatively  comfortable  postures.     The 
greater  number,  however,  fell  upon  the  round  abdomen  in  such 
wise  that  the  body  stood  up  quite  erect  (PI.  VI,  fig.  32),  leaving 
the  legs  thrust  out  unsupported.     These  unfortunates  were  faith- 
fully  attended,  often  cleansed  and  caressed,  but  in  no  single 
instance  did  the  workers  attempt  to  right  them  and  restore  them 
to  the  roof.     Yet  they  were  abundantly  able  to  do  so,  with  little 
effort,  and  the  fallen  rotunds  were  in  sore  need  of  help.     Some  of 
these  lived  for  two  months  and  longer  in  this  awkward  position, 
but  it  was  very  evident  that  they  were  extremely  uncomfortable. 
When  it  was  practicable  to  extend  my  help  to  those  near  the 
surface  it  was  eagerly  accepted,  the  offered  stick  or  quill  clasped 
by  the  mandibles,  sometimes  assisted  by  the  feet,  so  firml}'  as  to 
enable  me  to  transfer  the  heavy  creatures  to  any  point,  even  to 
lilt  them  out  of  the  nest.     Here  again  the  idea  or  at  least  the  act 
of  helpfulness   was  lacking.    If  we  are  to  suppose  the  power  of 
communicating  their  distress  and  desires  to  have  been  possessed 
by  the  bearers,  we  must  think  the  workers  even  yet  more  lacking 
in  feeling  and  intelligence. 

4.  One  honey-bearer  was  partly  buried  under  her  perch,  that 
portion  of  the  roof  ha\'ing  fallen.  Her  abdomen  was  quite  covered 
by  the  fine  sandy  particles  at  the  margin  of  the  little  landslide. 
The  task  of  rescuing  her  woul5  have  been  easy  to  the  workers, 
but  it  was  never  undertaken.  A  sketch  (PI.  VI,  fig.  28)  was 
made,  shortly  after  the  occurrence,  which  shows  one  worker- 
minor  standing  before  the  rotund  with  head  and  body  erect, 
antennae  atent,  with  ever}'  mark  of  curious  interest  in  her  deport- 
ment. She  watched  the  struggles  and  mute  appeals  (as  it  seemed 
to  me)  of  her  unhapp}''  comrade,  who  by  great  exertion  had  suc- 
4 
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ceeded  in  heaving  up  the  clod,  and  then  "  passed  by  on  the  other 
side/'  Meanwhile  a  second  worker  was  perched  atop  of  the  clod, 
coolly  and  cosily  combing  her  back-hair  and  antennae !  This 
tableau  is  simply  characteristic  of  the  ordinary  behavior  \)f  the 
workers. 

An  apparent  exception  was  noted  in  the  case  of  a  semi-rotund 
who  was  overtaken  in  a  gangway  by  water  with  which  I  was  sup- 
plying the  community,  and  stuck  fast  in  a  bed  of  mud.  For  a 
long  time  the  workers,  who  were  incited  to  masonry,  a's  usual,  by 
the  water  supply,  dug  and  traveled  around  and  over  the  imbedded 
ant  without  notice  of  an}*  sort.  Finall}'  one  stopped  and  licked 
the  antennae  and  head  of  the  prisoner,  who  began  to  struggle,  and 
80  dropped  down  a  little  into  the  gangway.  Meanwhile  the  first- 
comer  had  left.  A  second  ant  stopped,  applied  the  tongue  a 
moment,  gave  a  little  tug  at  the  unfortunate,  and  was  off.  Still 
the  stream  of  workers  passed  on.  Finally,  an  additional  pull  from 
below  was  given  by  a  concealed  worker,  but  when  I  closed  the 
obser^'ation  the  ant  was  still  imbedded  in  the  mud  within  the 
gangway.  It  was  impossible  to  decide  in  this  case  whether  the 
helpers  noted  were  moved  by  personal  kindness,  or  rather  (as  is 
most  likely),  by  the  same  impulse  wliich  directs  them  in  ordinary 
mason  operations  and  toward  supposed  dead  comrades. 

Sir  John  Lubbock,  who  has  made  interesting  experiments  and 
observations  with  a  view  to  testing  the  presence  of  benevolent 
feeling  in  ants,^  does  not  have  a  ver}'  high  opinion  of  emmet 
charity,  but  concludes  that  there  are  "  individual  differences,'' and 
that  among  ants,  as  with  men,  there  are  Priests  and  Levites,  as 
well  as  Good  Samaritans.  I  am  much  inclined  to  the  view  that 
anything  like  individual  benevolence,  as  distinguished  from  tril>al 
or  communal  benevolence,  does  not  exist.  The  apparent  special 
cases  of  beneficence,  outside  the  instinctive  actions  which  lie  within 
the  line  of  formicary  routine,  are  so  rare  and  so  doubtful  as  to 
their  cause,  that  (however  loth),  I  must  decide  against  an^'thing 
like  a  personal  benevolent  character  on  the  part  of  my  honey-ants. 

Such  an  example,  indeed,  as  one  of  those  cited  by  Lubbock,- 
viz.,  the  neglect  on  the  part  of  co-formicarians  to  remove  the 
decapitated  heads  of  enemies  from  the  limbs  to  which  they  are 
firmly  clasped,  does  not  seem  to  me  as  remarkable  as  it  does  to 

>  Journal  of  the  Linnsean  Society,  Zoology,  Vol.  XII,  p.  497. 
«  Op.  cit.  p.  492. 
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Sir  John.  I  have  often  observed  the  same  fact  among  various 
species,  and,  knowing  by  experience,  the  difficulty  of  unloosing 
those  formidable  jaws,  clasped  by  their  immense  muscles  in  the 
rigor  of  death,  would  charge  it  to  inabilit}'  rather  than  indisposi- 
tion, that  these  adhering  death's-heads  are  not  removed  by  kindly 
offices  of  comrades.  But  such  examples  as  are  here  recorded, 
together  with  kindred  ones  given  by  Lubbock,  may  fairly  be 
quoted  against  the  existence  of  a  personal  benevolent  character  in 
ants.  However,  the  question  can  by  no  means  be  regarded  as 
settled. 

Cleansing  and  Feeding  Larv^. — One  or  two  miscellaneous 
observations  may,  perhaps,  be  allowed  a  place  in  this  connection. 
The  solicitude  of  the  workers  for  the  helpless  larvae  was  a  matter 
for  continual  admiration.  The  offices  of  nurse  do  not  seem  to  be 
confined  to  any  one  caste,  but  the  burden,  of  duty  appeared  to  be 
assumed  by  the  dwarfs,  and  next  to  them  the  minors. 

When  the  grub  is  to  be  cleansed  it  is  taken  in  the  mouth,  turned 
by  the  fore  pair  of  legs,  the  antennae  meanwhile  touching  and 
apparently  aiding,  while  the  mandibles  are  applied  over  the  grub, 
their  teeth  apparently  working  chiefly  within  the  annular  divisions 
of  the  several  joints.  Doubtless  this  motion  is  accompanied  by  a 
free  use  of  the  tongue,  but  this  1  did  not  observe. 

When  the  grubs  are  to  be  fed,  the  workers  pass  from  one  to 
another,  striding  over  them,  and  standing  among  them  (PI.  VI, 
fig.  34)  as  they  lie  in  little  groups.  The  wee  white  things  perk  up 
their  brownish  yellow  heads,  which  they  stretch  out  and  move 
around,  evidently  soliciting  food.  Their  nurses  move  from  one  to 
another,  apply  the  mouth  for  a  moment,  and  pass  on. 

At  the  slightest  alarm  the  grubs  are  seized  and  hurried  into  the 
recesses  of  the  nest.  Their  position  is  fVequently  changed,  from 
higher  to  lower,  from  outer  to  inner  rooms,  and  the  reverse,  with- 
out any  purpose  which  I  could  discover  or  imagine.  When  this 
sort  of  transfer  was  not  going  on,  the  nurses  would  often  be 
engaged  in  shifting  the  position  of  their  charges,  flitting  restlessly 
among  them,  picking  them  up,  turning  them  around,  putting  them 
down  again,  with  an  aimless  uneasiness  that  bore  an  amusing  like- 
ness to  the  dandling  which  human  infants  undergo  at  the  hands 
of  certain  young  mothers. 

Toilet  Habits. — It  has  been  said  that  the  honey-bearers  are 
cleansed  by  the  workers.     This  is  the  rule  ;  but  the  rotunds  are 
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not  wholly  dependent  for  this  upon  their  fellows.  In  one  of  my 
formicaries,  the  rotunds  when  placed  within  the  light,  began  to 
cleanse  themselves,  without  lea\nng  their  perch.  The^'  held  on 
to  the  roof  by  the  two  hind  legs  and  one  of  the  middle  pair,  and 
used  the  other  middle  and  the  two  fore  legs  in  the  usual  manner 
of  ants.*  They  were  quite  able  thus  to  draw  a  leg  through  the 
spur-comb  of  one  of  the  fore-feet ;  to  brush  the  head,  etc. 

In  one  case  1  even  saw  a  honey -bearer  performing  the  oiBces  of 
the  toilet  upon  a  worker.  The  latter  held  her  mandibles  apart, 
while  the  rotund  licked  the  mouth  pmrts ;  and  from  thence  pro> 
ceeded  to  the  vertex  of  the  head.  Both  insects  were  in  a  semi- 
rampant  posture  the  meanwhile. 

Fbaterxal  Relations  with  Sister  Colonies. — A  few  experi- 
ments upon  several  nests  quite  widely  separated,  showed  that  as 
in  the  case  of  some  other  ants,-  tin?  inmates  ( of  the  same  species) 
fraternized  completely,  and  engaged  within  the  artificial  nests,  in 
the  care  of  the  larvie,  cocoons,  honey-bearers,  and  in  all  other 
formicary  duties. 

IX.  Economy  of  the  IIoney-Beabers. 

What  is  the  economy  of  the  remarkable  structure  and  habit 
presented  in  the  honey-bearer  ?  The  naturalist  is  shut  out  from 
all  observations  in  natural  site  that  might  give  answer  to  this 
question.  But  from  studies  thus  far  made  upon  my  artificial 
formicaries,  from  structure,  and  from  reasonable  analogy,  I  have 
little  hesitation  in  saying  that  the  econom}-  is  precisel}'  that  of 
the  bee  in  storing  honey  within  the  comb.  The  difference  lies  in 
the  fact  that  the  bee  puts  her  store  within  inorganic,  the  ant 
within  organic  matter ;  the  bee  within  the  waxen  cell  which  her 
industry  constructs,  the  ant  within  the  living  tissue  of  her  sister 
formicarian,  provided  to  her  hands  b^*  the  Creator.  The  honej* 
is  held  in  reserve  within  its  globular  store-room  of  animal  tissue 
for  times  when  the  workers  fail  to  gather  food,  or  the  supply  fails 
in  Nature.  The  queen,  the  virgin  females,  the  males,  the  teem- 
ing nursery  of  white  grubs,  are  all  and  always  altogether 
dependent  upon  others  for  nurture.  During  the  winter  months 
and  in  seasons  when  the  honey  supply  is  scant  or  wholly  fails, 

1  See  Toilet  Habits  of  Ants,  in  Agricultural  Ants  of  Texas,  Ch.  VIII, 

p.  135. 
s  Mound-^Iaking  Ants  of  the  Alleghenies,  p.  281. 
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perhaps  during  the  long  rainy  seasons,  the  entire  family  must 
have  food.  Precisely  as  the  bee  goes  to  the  hone^'-comb  in  such 
emergencies,  the  hone3'-ant  goes  to  the  honey-bearer. 

There  is,  to  be  sure,  a  corresponding  difference  in  the  mode  of 
eliciting  the  stored  sweets.  The  bee  breaks  the  cell  and  laps 
the  honey.  The  hungry  ant*  places  her  mouth  to  that  of  the 
bearer,  from  whose  mouth  it  is  received  as  it  is  regurgitated  from 
the  honey  crop.  The  muscles  of  the  abdomen  act  upon  that 
organ  as  does  the  pressure  of  a  lady's  hand  upon  the  eau-de- 
cologne  within  the  elastic  bulb  of  a  toilet  jet  or  spraying  bottle. 
It  is  forced  up,  gathers  in  a  little  globule,  a  hone^'-dewdrop,  upon 
the  filament-like  maxillae  under  the  jaw,  whence  it  is  lapped  off 
by  the  waiting  pensioners.  The  admirable  adaptation  by  which 
the  ant's  structure  is  fitted  for  this  function,  will  be  jnoted  further 
on.  It  may  be  well  to  state  such  facts  as  appeared  in  various 
efforts  to  arrive  at  the  truth  of  the  above  opinion,  viz.,  that  the 
honej'-bearers  serve  as  store-houses  of  food  for  the  inmates  of  the 
nest.  If  these  facts  fall  short  of  a  complete  demonstration,  they 
at  least  form  a  chain  of  evidence  which  creates  a  very  strong 
probability. 

1.  Regurgitation  of  Honey. — On  the  occasion  of  the  dis- 
covery that  the  ants  collected  nectar  from  the  oak-galls,  a  branch 
upon  which  the  foragers  were  at  work  was  removed  to  my  tent 
for  study.  First,  however,  it  was  taken  to  the  home  site,  and  a 
dwarf  worker  coaxed  upon  a  leaf  and  laid  on  the  nest.  She 
seemed  much  confused,  and  evidently  did  not  at  first  recognize 
the  fact  that  she  was  at  home.  The  workers  around  the  gall,  who 
were  quite  easily  distinguished  by  the  smaller  size  of  their 
abdomens,  also  showed  marks  of  surprise  at  this  unexpected 
arrival.  However,  two  dwarfs  and  a  minor  soon  sufficiently 
recovered  their  equanimity  to  arrest  their  fellow  and  "  take  toll " 
from  her  mouth  of  the  syrup  with  which  her  crop  was  well 
charged.  (PI.  V,  fig.  24. )  The  mode  was  that  which  is  common 
among  ants,  and  has  been  fully  described.^  A  worker  major  was 
next  transferred  from  the  bush  to  the  nest,  and  showed  the  same 
confusion  at  this  unexpected  ^^  railroading  "  home.  She  also  was 
tolled  by  the  ants  clustering  upon  the  mound.  In  both  cases  I 
saw  the  drop  of  liquid  honey  sparkling  as  it  passed,  a  lantern 
having  been  placed  on  each  side,  thus  throwing  light  fully  upon 

^  See  Mound-Making  Ants,  p.  275. 
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the  group.  The  major,  after  her  first  confused  hesitation,  seemed 
inclined  to  start  again  on  the  trail,  but  after  being  tolled  entered 
che  gate.  It  thus  appeared  at  the  outset,  that  the  honey  collected 
by  the  foraging  parties  is  served  out  to  the  sentinels,  working 
parties  and  others  at  the  nest,  precisely  as  has  been  fully  shown 
in  the  case  of  the  mound-making  ants  of  the  Alleghenies.  * 

2.  The  act  of  receiving  supplies  from  the  honey-bearer  was 
observed  b}'  me  soon  after  the  transfer  of  the  ants  to  an  artificial 
nest.  The  rotund  threw  her  head  up,  raised  her  thorax,  and 
regurgitated  a  large  drop  of  amber  liquid,  which  hung  u\K>n  the 
mouth  and  palps.  At  first  two  ants  were  feeding — a  major,  who 
was  in  a  position  similar  to  that  of  the  rotund,  and  a  dwarf  who 
stood  upon  her  hind  legs  and  readied  up  from  below.  During 
the  feeding  another  major  was  attracted  to  the  banquet,  and 
obtained  her  share  by  reaching  over  the  back  of  the  first  worker, 
indeed,  partly  standing  upon  her,  and  thrusting  her  mouth  into 
the  common  "  dish."  (PI.  V,  fig.  24.)  TJie  mandibles  and  maxillse 
of  the  pensioners  serve  as  a  sort  of  dish,  upon  which  a  particle  of 
honey  is  taken  and  afterward  is  licked  off  more  at  leisure. 

3.  Workers  fond  of  the  stored  IIoney — The  fondness  of 
the  workers  for  the  store  within  the  rotunds  was  strikingly  shown 
during  the  excavation  of  a  nest.  Necessarily,  in  breaking  down 
the  rooms,  the  distended  abdomens  of  some  of  the  honey-bearers 
were  ruptured.  The  high  state  of  excitement  which  pervaded  the 
colony,  the  ordinary-  instinct  to  defend  the  nest  and  preserve  the 
larvae,  cocoons  and  other  dependents,  were  at  once  suspended  in 
the  presence  of  this  delicious  temptation,  and  amid  the  ruins  of 
their  home  the  workers  paused,  clustered  in  large  groups  around 
the  unfortunate  comrade,  and  greedily  lapped  the  sweets  from  the 
honey-moistened  spot.  It  was  a  pitiful  sight  to  see,  and  was 
noted  with  a  mild  sort  of  indignation,  and  to  the  disparagement 
of  the  ants,  until  I  remembered  that  history  has  often  recorded, 
and,  indeed,  I  myself  have  seen,  the  humiliating  fact  that  human 
beings  have  exhibited  a  like  greed  and  ignoble  self-gratification 
amid  the  perils  and  threatened  wreck  of  their  country  and  homes. 

Treatment  op  Dead  Rotunds. — Over  against  this  fact  may  be 
placed  one  seemingly  more  to  the  credit  of  our  Melligera.  From 
time  to  time  the  honej'-bearers  died.  The  bodies  of  those  who 
perished  upon  their  perch  would  hang  to  the  roof  for  days  before 

1  Op.  cit,  p.  277. 
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the  death-grip  finally  relaxed  and  they  fell.  It  happened  more 
than  once  that  the  workers  failed  to  perceive  the  change,  and  for 
some  time,  a  day  or  more,  after  death,  continued  to  cleanse  and 
tend  them  with  the  accustomed  solicitude.  When  the  fact  was  at 
last  perceived,  and  the  dead  removed,  the  round  abdomen  was 
first  severed  from  the  thorax  by  clipping  the  petiole,  then  the 
parts  were  separately  removed  to  the"  cemetery',"  that  common 
dumping-ground  for  the  dead,  which  these  ants,  like  all  others 
whom  I  have  observed,  invariably  maintained.  In  view  of  the 
fact  last  recorded,  it  seemed  curious  that  the  stored  treasures  of 
these  "  honey -pots ''  were  not  secured  b}'  cutting  the  sealing  tissue. 
In  point  of  fact,  this  was  never  seen  to  be  done,  and  the  amber 
globes  were  pulled  up  galleries,  rolled  along  rooms,  and  bowled 
into  the  graveyard  along  with  the  juiceless  legs,  heads  and  other 
members.  I  verily  believe  that  they  were  never  once  deliberately 
opened,  in  spite  of  their  tempting  contents.  If  this  act  were  the 
result  of  an  instinctive  sentiment  by  which  Nature  guarantees 
protectinn  to  the  living  honej'-bearer  (and  this,  indeed,  is  likely), 
it  must  8^ em  to  us  very  beautiful  and  praiseworthy.  But  what  if 
it  were  only  the  consequence  of  a  mentalism  so  low  and  fixed 
within  its  instinctive  ruts  as  to  hinder  even  a  suggestion  of 
utilizing  the  wasting  store  by  opening  the  abdomen  ? 

4.  Effects  of  Withholding  Food — In  order  to  determine 
beyond  doubt  the  relations  of  the  honey-bearers  to  the  other  ants, 
I  made  a  number  of  experiments,  which,  I  regret  to  say,  led  to  no 
decided  conclusion.^  One  or  two  of  them,  however,  gave  results 
of  some  value.  A  number  of  rotunds  and  workers  were  placed 
in  a  nest,  and  denied  all  food.  A  little  water  was  allowed  them, 
but  for  more  than  four  months  their  fast  was  not  otherwise  broken. 

1  An  unusual  press  of  professional  and  domestic  duties  during  the  winter 
of  '79-80  absorbed  even  my  evenings  and  those  leisure  hours  which  I  feel 
at  liberty  to  devote  to  natural  history.  I  was  thus  unable  to  give  to  my 
little  friends  that  attention  which  might  have  assured  a  complete  success. 
On  one  occasion,  just  as  a  long  series  of  preparations  promised  satisfactory 
results,  a  family  bereavement  intervened,  and  when  it  was  possible  to 
resume  observations,  the  hour  of  advantage  had  passed.  Then  followed 
the  untimely  destruction  of  my  captives,  as  will  be  related  hereafter,  and 
the  estopment  of  all  study.  Naturalists,  at  least,  will  know  how  to  esti- 
mate the  various  ordinary  as  well  as  extraordinary  interruptions  and  hin- 
drances with  which  the  observer  has  to  contend,  and  which  often  prevent 
the  most  satisfactory  results. 
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It  was  my  hope  that  this  prolonged  separation  from  external  food 
supplies  would  compel  the  workers  to  resort  to  the  honey-lxrarere 
for  food,  and  thus  afford  the  positive  proof  that  the  latter  were 
the  natural  storehouses  of  the  colon}'.  Most  provokingly,  the 
perverse  Melligers  made  the  room  of  the  honey-bearers  within  the 
very  heart  of  the  nest,  and  no  strategy  of  mine  could  tempt  more 
than  one  or  two  of  the  rotunds  into  a  position  under  my  e^'es.  I 
was  therefore  limited  to  such  inferences  as  might  be  drawn  fVom 
the  general  condition  of  the  inmates  during  and  at  the  close  of 
the  fast. 

During  the  entire  four  months,  the  workers,  whose  movements 
were  of  course  observable,  were  in  perfect  health  and  good  condi- 
tion. Indeed,  it  was  very  evident  that  they  were  in  a  more 
healthy  state,  more  vigorous  and  active  than  the  inmates  of  the 
other  nests.  When  the  nest  was  finally  opened  the  remaining 
workers  had  well-filled  abdomens,  all  of  them  looking  more  like 
foragers  freshly  returne<l  from  a  banquet  of  nectar  among  the  oak 
galls,  than  like  the  victims  of  a  four-months'  seige.  Tlie  abdo- 
mens of  the  honey-bearers  were  undoubtedly  diminished,  but 
presented  little  appearance  of  having  been  largely-  drawn  upon  by 
hungry  workers. 

The  complement  of  this  exi)eriment  over  a  nest  of  workers  who 
were  wholly  separated  from  honey-bearers,  and  denied  food,  came 
to  an  untimely  end.  The  purpose  had  been  to  make  such  a  com- 
parison between  the  two  sets  of  workers  as  would  have  shown 
what  effect  the  presence  of  honey-bearers  had  upon  the  abdomens. 

5.  Covering  obnoxious  matter. — Two  other  formicaries  were 
established  with  the  special  purpose  of  determining  whether  the 
workers  habitually  transferred  food  to  the  sedentar}'  insects  upon 
the  roof.  One  colony  was  fed  syrup  mixed  with  carmine,  the 
expectation  being  that  if  the  ants  ate  this  and  fed  it  to  the  honey- 
bearers,  the  color  would  show  through  their  abdomens,  or  be 
discovered  by  dissection.  The  experiment  failed,  as  to  its  main 
purpose,  but  was  the  occasion  of  uncovering  an  interesting  ti*ait. 
The  carmine-syrup  was  obnoxious  to  the  ants.  Some  tasted  it, 
turned  away,  and  rubbed  their  mouth  parts  upon  the  earth,  with 
evident  tokens  of  dislike.  Others  tested  it  with  their  antennae, 
and  although  they  had  been  prepared  for  a  banquet  by  previous 
fasting,  refused  to  eat.  Moreover,  they  instantly,  deliberately,  and 
with  one  accord  set  to  work  to  cover  up  the  offensive  material. 
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The  syrup  had  been  placed  upon  large  corks,  hollowed  out  atop 
into  little  dishes,  and  set  in  the  soil.  One  cork  projected  an  inch 
above  the  surface,  and  up  this  the  workers  climbed,  carrying 
pellets  of  earth  and  gravel,  from  the  very  bottom  of  the  nest,  four 
inches  below  the  surface.  These  pellets  they  dropped  into  the 
syrup,  until  the  dish  was  filled  and  heaped  up  high.  Some  of  the 
bits  of  gravel  were  quite  large,  of  greater  bulk,  and  several  times 
heavier  than  the  ants.  As  the  nests  were  made  of  their  native 
soil,  I  thus  saw  the  ease  with  which  the  workers  carry  up  the 
gravel  stones,  that  cover  their  mounds  (PL  YI,  fig,  30). 

A  broad  trail  of  syrup  was  forced  down  one  side  of  the  cork, 
and  it  also  was  covered.  This  required  more  delicate  manage- 
ment, as  the  ants  were  forced  to  support  themselves  upon  the 
perpendicular  surface  of  the  cork,  and,  working  side-wise,  daub 
the  dirt  into  the  syrup,  and  fix  it  there !  The  whole  trail  was  thus 
covered  from  top  to  bottom.  The  syrup  was  fed  to  another  for- 
micary with  precisely  the  same  results. 

This  was  not  the  only  occasion  on  which  food  given  the  ants 
was  thus  served.  A  crushed  grape,  and  a  juicy  bit  of  a  i)ear  were 
covered  in  the  same  wa}'  in  four  of  the  nests.  The  fruit  did  not 
seem  to  be  relished  by  the  ants,  yet  I  am  not  sure  that  the  juice 
ma}'  not  afterwards  have  been  lapped  from  the  soil  which  ab- 
sorbed it.  White  sugar  the  ants  took  freely ;  bees'  honey  was  not 
so  much  relished. 

In  the  meanwhile,  during  the  progress  of  these  observations,  I 
found  that  the  semi-rotunds,  at  least  were  not  wholly  dependent 
for  food  upon  the  workers,  as  they  partook  freel\-  of  the  sugar. 
But  I  never  saw  a  honey-bearer,  one  of  full  rotundity,  taking  food 
or  drink.*  One  might  imagine  that  they  are  quite  independent 
of  outside  supplies  after  they  have  once  reached  that  state,  and 
could  spend  the  remainder  of  their  lives,  unless  greatly  prolonged, 
without  eating.  The  question  of  chief  interest  here  is  :  are  they 
brought  to  that  state  by  the  deliberate  action  of  workers  in  feed- 
ing them  ?  I  believe  that  after  a  certain  point  of  distension  this 
is  the  case.  But  the  belief  does  not  yet  rest  upon  positive 
demonstration.  We  now  proceed  to  the  anatomy  of  the  creature, 
which  may  afibrd  some  additional  light  upon  this  question. 

^  I  snbstitated  for  carmino  Prussian  blue,  which  Dr.  Forel  had  used  for 
staining  living  ants  (Fourmis  de  la  Suisse,  p.  110),  but  had  no  better  suc- 
oesfl^  although  some  of  the  ants  fed  upon  the  colored  sweets. 
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X.  Anatomy  of  the  Alimentary  Canal  in  the  IIoney-Ant. 

These  questions,  closely  related,  required  answer : 

I.  Are  the  honey  bearers  a  distinct  caste  ? 

II.  How  is  the  i>eculiar  dilated  condition  of  the  abdomen  to  be 
accounted  for  ? 

III.  What  is  the  condition  of  the  digestive  organs  in  the  ab- 
domen of  the  hone^'-bearer  ? 

There  are  some  field  observations  that  have  a  bearing  upon 
these  questions : 

1.  The  workers  observed  returning  from  foraging  excursions 
had  largel}'  inflated  abdomens.  This  is  an  ordinary  experience 
with  ants ;  the  workers  of  Formica  exaectoides,  our  mountain 
mound-builders,  for  example,  returning  from  attendance  upon  the 
Aphides  with  their  crops  verj-  much  swollen.  The  workers  of 
Melliger,  however,  seem  to  have  an  especial  elasticity  of  the  crop, 
which  gave  the  abdomens  of  some  of  the  returning  repletes  a 
nearly  semi-rotundity. 

2.  These  repletes  and  semi-rotunds  in  my  artificial  nests  adopted 
in  a  measure  the  sedentary  habits  of  the  honey-bearers,  and  perched 
upon  the  roofs,  where  they  hung  (juite  persistently.  They  were 
often  very  sluggish,  but  more  ready  to  move  than  the  rotunds, 
and  at  times  showed  much  activity,  though  not  greatly  disposed 
to  work.     (S©e  PI.  Ill,  fig.  6.) 

3.  In  the  formicaries  opened  in  natural  site,  I  observed,  what 
Llave  had  seen  from  his  specimens,  that  there  were  several  degrees 
in  the  sizes  of  the  honey-bearers  in  the  honey-rooms. 

4.  There  was  an  apparent  growth  in  the  abdomens  of  the  seden- 
tary workers  in  the  artificial  nests.  As  early  as  September  7th, 
1879, 1  made  this  record  in  m}'  note-book:  "It  begins  to  dawn 
upon  me  that  the  worker  majors  become  honey-bearers.  Many  of 
them  hang  in  the  nests  to  the  honey-rooms.  In  '  B '  nest  the  en- 
tire line  along  the  upper  margin  of  the  large  room  is  composed  of 
this  rank."  Honey-bearers  with  abdomens  distended  from  one-half 
to  two-thirds  the  full  size  were  continually  noted,  and  I  could  only 
infer  that  they  were  recruited  from  the  number  of  the  sedentary 
majors.  In  fact  it  became  difficult  to  mark  the  individuals  in 
whom  the  sedentary  major  ceased  and  the  honey-bearer  began. 

5.  A  series  of  experiments  was  attempted  to  solve  this  point. 
Semi-rotunds  or  sedentary  majors  were  separated,  freely  fed,  and 
their  growth  noted.     They  never  exceeded  the  condition  of  about 
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two-thirds  the  usual  spherical  abdomen.  What  the  result  would 
have  been  had  they  lived  the  entire  3'ear,  and  how  long  it  would 
have  taken  them  to  attain  the  rotund  condition  can  only  be 
guessed.^ 

6.  Among  the  callows,  or  young  ants,  collected,  I  could  find  no 
evidence  at  all  of  a  separate  honey-bearer  caste.  Among  the 
larva?  there  were  some  large,  broad  grubs,  that  difiered  much  from 
the  others,  which  I  supposed  to  be  queen-grubs.  I  was  not  able 
to  hatch  these  and  the  cocoons,  and  observe  results,  a  process 
which  would  probably  determine  the  whole  inquiry.  The  cocoons 
collected  were  all  of  three  sizes,  corresponding  in  length  to  the 
workers,  major,  minor  and  dwarf  or  minim  as  this  smallest  caste 
might  perhaps  be  called. 

7.  A  comparison  of  the  workers  with  the  honey-bearer  shows 
that  there  is  absolutely  no  difierence  between  them  except  in  the 
distended  condition  of  the  abdomen.  The  measurements  as  to 
length  and  size  of  head,  length  of  legs  and  thorax  are  precisely  the 
same.  This  appears  to  be  true  also,  of  some  of  the  smaller  rotunds 
and  the  minors. 

My  conclusion  from  the  above  facts  is  that  the  worker  majors, 
for  the  most  part,  and  sometimes  the  minors,  are  transformed  by 
the  gradual  distention  of  the  crop,  and  expansion  of  the  abdomen, 
into  the  honey-bearers,  and  that  the  latter  do  not  compose  a  dis- 
tinct caste.^  It  is  probable,  however,  that  some  of  the  majors 
have  a  si)ecial  tendency  to  this  change  by  reason  of  some  peculiar 
structure  or  form  of  the  intestine  and  abdominal  walls. 

8.  Finally  I  undertook  an  anatomical  comparison  of  the  honej'- 
bearers  and  workers.  I  made  a  large  number  of  dissections,  which 
were  carefully  studied    and   compared,  and  these  observations 

^  Some  observer  upon  the  field  might  readily  take  up  these  and  other  ex- 
periments and  cany  them  to  a  satisfactory  conclusion.  There  are  invalids 
at  Colorado  Springs  and  Manitou,  who  might  follow  the  admirable  example 
of  the  late  Mr.  Moggridge  at  Mentone,  and  find  both  enjoyment  and  pro- 
longed life  in  some  such  studies. 

'  I  am  glad  to  be  confirmed  in  this  opinion  by  Dr.  Aug.  Forel,  to  whom 
I  early  sent  specimens  and  notes,  and  who  has  shown  a  gratifying  interest 
in  these  studies,  and  has  cordially  aided  them  by  valuable  suggestions. 
See  a  communication  to  tlie  Morphologico-Physiological  Society  of  Munich, 
in  Aerztliehen  Intelligem-Blatte,  Jan'y,  1880. 
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strengthened,  I  might  almost  say  entirely  confirmed  my  opinion.^ 
Some  of  the  results  thus  obtained  will  have  value  to  many  stu- 
dents, and  tliey  are  therefore  briefly  presented  here.  Without 
entering  fully  into  anatomical  and  histological  details,  enough  will 
be  given  to  confirm  and  explain  the  facts  related  and  opinions 
stated  above. 

The  Alimentary  or  Intestinal  Canal. — The  whole  course  of 
the  alimentary  tract  from  the  mouth  to  the  anus  was  carefully 
worked  out  in  many  dissections.  Less  attention  was  given  to  the 
head  ;  the  pharynx  and  mouth  parts  were,  however,  worked  out. 
Attention  was,  of  course,  chiefly  directed  to  the  abdomen  and  con- 
tents. 

The  intestinal  canal  is  composed  of  the  following  parts : 

I.  Within  the  head  there  are : 

§  1.  The  mouth  and  the  mouth-parts,  viz. :  the  mandibles  (Plate 
VII,  figs.  37,  38)  m6.,^  which  are  armed  with  teeth  of  irregular  size ; 
the  maxillae,  mx^  and  maxillary  palps,  mx.  p  ;  the  labium,  /&.,  and 
lower  lip,  the  labial  palps,  lb.  p.j  and  the  tongue,  to. 

§  2.  The  buccal  sac  (fig.  61,  bc.s),  a  spherical  expansion  at  the 
anterior  part  of  the  pharynx,  in  the  middle  of  the  front  part  of 
the  head.  Its  function  is  not  determined.'  It  is  frequently  found 
filled  or  partly  filled  with  various,  amorphous  particles,  the  debris 
of  food,  etc.  Brants,  who  first  discovered  it  in  the  wasps,  supposes 
that  it  may  serve  those  insects  in  the  preparation  of  their  paper- 
nests.  Forel  conjectures  that  it  may  serve  the  purpose  of  a  special 
digestion  for  the  anterior  part  of  the  body.  Lubbock  once  found 
in  it  an  entire  worm.  It  would  appear  to  be  a  sort  of  anatomical 
"  Botan}'  bay'^  for  the  temporary  seclusion  of  such  food  material 
as  may  not  be  prepared  to  yield  the  juices  which  alone  pass  into 
the  crop. 

^  I  mounted  many  of  my  preparations  for  more  leisurely  study  under  the 
microscope,  and  they  have  been  submitted  to  the  Academy  of  Natural 
Sciences  of  Philadelphia.  I  acknowledge  here  the  assistance  and  advice 
of  Prof.  J.  Gibbons  Hunt,  M.  D.,  in  these  studies,  whose  unrivaled  skill 
as  a  microscopist  was  cordially  placed  at  my  disposal. 

'  The  reference-symbols  are  uniform  in  all  the  Rgures,  and  are  for  the 
most  part  such  abbreviations  of  the  names  of  the  parts  as  may  aid  the 
memoiy  in  studying  the  plates.    See  the  key  to  reference  symbols. 

^  See  Forel  Swiss  Ants,  p.  109  ;  Lubbock,  Microscop.  Jour.,  London, 
1877,  p.  139  ;  Agricultural  Ants  of  Texas,  p.  119. 
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§  3.  The  pharynx  (fig.  51,  pa:.)  a  strongly  muscular  wall  situ- 
ated within  the  head  in  front  of  the  neck,  nk. 

II.  Within  the  body  there  is  the  oesophagus  {ce,  fig  52),  a  mus- 
cular tube*  or  canal  which  passes  through  the  neck  and  petiole, 
and  connects  the  head  with  the  abdomen. 

III.  The  parts  within  the  abdomen,  which  most  concern  us  are 
§  1.  Segmental  Plates  of  Abdomen. — It  is  first  necessary  to 

understand  the  structure  of  the  wall  of  the  abdomen.  This  consists 
of  ten  strongly  chitinous  segmental  plates,  five  dorsal  and  five 
ventral  (PL  VII,  figs.  53, 54).  These  overlap  one  another,  like  scales, 
from  the  base  toward  the  apex,  and  the  dorsal  plates  overlap  the 
ventral.  The  last  plates  which  guard  the  cloacal  cavity,  are 
known  as  the  pygidium  (py,)  and  the  hypopygium  {hy,)  The 
anus,  in  Melliger  is  surrounded  by  a  circle  of  strong  bristle-like 
hairs. 

These  plates,  in  the  normal  condition  of  the  abdomen,  are  set 
upon  (if  I  may  so  say)  a  strongly  muscular  inner  wall,  which  is 
highly  elastic  in  all  ants,  particularl}"-  of  the  Formicidae.  This 
elasticity  appears  to  reach  its  extreme  point  in  Melliger.  In 
ordinary  excessive  feeding,  the  distension  of  the  crop  causes  the 
eximnsion  of  the  muscular  coat  between  the  plates  which  are  thus 
forced  apart,  at  various  degrees  of  separation,  according  to  the 
amount  of  food  taken,  until  in  the  case  of  the  honey-bearer  of 
Melliger  the  three  middle  plates  (Nos.  2,  3, 4)  are  wholly  isolated, 
appearing,  as  Forel  has  well  said,  like  little  islands  on  the  tersely 
stretched,  light  colored  abdominal  membrane.  (Plate  YII,  fig. 
54,  D2,  3,  V2,  3),  (Plate  X,  figs.  72,  Y3).  Plates  Dl,  Yl,  retain 
their  normal  position,  and  plates  D4,  V4,  are  not  so  widely  sepa- 
rated from  D5,  Y.5,  as  from  their  next  anterior  plates. 

We  may  now  view  the  abdominal  portion  of  the  intestinal  tract, 
in  order  to  understand  what  happens  in  the  growth  of  the  honey- 
bearer. 

§  2.  The  Crop  or  Ingluvies. — The  crop  is  the  anterior  and 
superior  sul>di vision  of  the  abdominal  portion  of  the  alimentary 
canal.  It  is  simply  an  expansion  of  the  oesophagus  within  the  ab- 
domen. The  normal  condition  of  the  crop  was  determined  by 
examination  of  the  workers  with  undistendedabdomeus,and  more 
readily  from  the  study  of  a  virgin  queen  (PL  YIII,  fig.  59). 

^Forel,  quoting  Meinert,  speaks  of  the  muscularization  as  feeble  ;  but  in 
Melliger,  at  least,  the  muscles  appear  to  be  sufficiently  strong. 
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The  cesphagus  ce,  is  there  seen  passing  through  and  bent  over 
the  hard  ring  (Jn)  which  forms  the  junction  of  the  petiole  and 
•abdomen.  The  a'sophagus  is  seen  as  continued  (ce  c)  within  the 
abdomen,  where  it  has  precisely  the  same  structure  as  within  the 
thorax.  The  crop  or  ingluvies  contains  a  moderate  amount  of 
food  and  is  fairly  distended.  The  exterior  coat  of  the  crop  is  a 
net-work  of  muscles  which  present  the  branched  character  some- 
times found  in  insects  (PI,  VII,  fig.  45).  Another  section  of  the  crop 
showing  the  character  of  this  muscularization  is  given  at 
Fig.  46.  Tliis  enlarged  view  is  taken  from  the  object  shown  at 
PI.  VIII,  fig.  55,  and  is  made  at  the  margin.  The  spherical  crop 
is  thus  seen  to  be  hung  within  the  muscular  netting,  something 
like  an  inflated  balloon  within  its  net  bag. 

Forel  thinks^  that  the  muscles  of  the  segmental  walls  of  the 
abdomen  alone  are  concerned  in  the  act  of  regurgitation ;  but  I 
see  no  ground  for  this  opinion,  except  possibl}'  with  the  honey- 
bearers,  whose  abdominal  muscles  alone  might  suflflce  to  expel  the 
contents  of  the  crop.  Such  a  remarkably  efficient  structure  as  is 
here  demonstrated  and  illustrated,  can  hardl}'  be  without  its  proper 
function. 

Before  proceeding  to  demonstrate  the  main  point  in  hand,  it 
will  be  well  to  follow  the  alimentary  canal  to  its  termination. 

§  3.  The  Gizzard  or  Proventriculus. — The  crop  is  continued 
posteriorly  by  the  gizzard,  grz  (PI.  VIII,  figs.  55,  56,  57,  59),  a 
singular  and  complicated  organ  in  ants  which  has  given  rise  to 
conjectures  the  most  diverse.  Meinert  regards  it  as  serving  to 
regulate  the  movement  of  the  aliments.  Forel  thinks  it  certain 
that  it  serves  above  all  to  close,  and  for  the  most  part  herineti- 
call}',  the  digestive  canal  between  the  crop  and  the  stomach.^  The 
gizzard  properl}'^  belongs  to  the  anterior  part  of  the  intestinal 
canal  its  internal  cuticle  (tunica  intima)  being  a  direct  continua- 
tion of  the  crop,  a'sophagus,  pharynx  and  mouth.  It  consists  in 
Myrmecoc^'stus  (and  the  entire  sub-family  Camponotida?)  of  three 
parts. 

* 
1  Swiss  Ants,  p.  HI. 

^  The  gizzard  varies  largely  among  ants,  and  the  variations  form  generic 
characters  of  gi-eat  value,  which  Dr.  Forol  has  shown,  first  in  his  * '  Four- 
mis  de  la  Suisse,"  p.  112,  seq.,  and  afterward,  more  fully  and  clearly,  in  his 
"Etudes  Mynnecologiques,"  Bulletin  de  la  Soc.  Vaudois  d,  Scu  JVii^,  Vol. 
XV,  1878,pp.  337,  392.  This  last  study  of  this  organ  is  one  of  the  most 
admirable  contributions  yet  made  to  tayrmecological  histology. 
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1.  The  anterior  part,  or  gizzard  proper,  a  lily-shaped  organ 
composed  of  a  spherical  bowl  (h,gz)  and  four  blades  or  sepals,  8,gz, 
It  is  strongly  chitinous,  appears  intact  in  all  dissections,  and  is 
easily  seen.  The  crop  contracts  at  the  posterior  end  within  the 
four  sepals  of  the  gifzard,  which  thus  appear  to  act  as  valves  to 
regulate  or  moderate  the  flow  of  aliment  from  the  crop  to  the 
stomach.  What,  if  any,  action  it  may  have  upon  the  food  is  not 
known ;  it  can  hardly  have  the  usual  function  of  trituration,  as 
ants  do  not  receive  solid  food  into  the  crop.^ 

2.  The  middle  part  of  the  gizzard,  or  cylinder,  cy,gz,  is  a 
straight  cylinder,  with  a  fine,  transparent  internal  cuticle  whose 
matrix  is  surrounded  by  a  compact  coat  of  transverse  striated 
muscles.  Exteriorly  the  cylinder  appears  to  merge  directly  into 
the  stomach.  Only  the  muscular  coat,  however,  is  thus  directly 
continued  and  expanded  into  the  fine  muscular  bag-net  of  the 
stomach  (PI.  VIII,  fig.  57). 

3.  The  internal  cuticle  of  the  gizzard  traverses  the  walls  of  the 
stomach  accompanied  b}-  its  matrix,  and  projects  within  the  cavity 
of  the  stomach,  terminating  in  an  elongated  bulb,  which  is  the 
button,  bn.gz.  (fig.  57),  bn,  (fig.  59),  or  posterior  part  of  the  gizzard. 
The  anterior  and  posterior  parts  of  the  gizzard  are  always  found  in 
ants,  the  first  varying  greatlj'',  the  latter  scarcely  at  all.  The  cyl- 
inder, on  the  contrary,  is  wholly  wanting  in  many  genera,  and  in 
others  undergoes  great  variations  of  length.  The  entire  organ  is 
united  to  the  crop  externally  by  a  strong  muscular  netting,  so  that 
the  two  might  be  compared  to  a  balloon  (crop)  and  the  car  (gizzard) 
and  the  enfolding  muscles  to  the  network  swinging  between  the 
two. 

§  4.  The  Stomach.— The  stomach,  atm  (PI.  VIII,  figs.  55,  56), 
like  the  gizzard  is  alwaj^s  easily  discernible,  inasmuch  as  a  quan- 
tity of  solid  amorphous  matter  within  it,  of  a  dark  brown  or 
blackish  color,  betrays  its  presence  even  through  the  segmental 
plates.     It  is  commonly  spherical  or  ovate  in  shape. 

§  5.  Malpighian  Tubes. — Around  the  posterior  pole  of  the 
stomach  are  grouped  the  Malpighian  vessels,  mpg  (figs.  ^6,  60), 
twelve  in  number. 

*  The  various  sectiomi  of  the  bowl  appeared  to  me  to  have  upon  their 
interior  edges  certain  tooth-like  inequalities,  which  suggested  at  least  the 
office  of  triturating  or  agitating  the  passing  food.  These  may  be,  however, 
nothing  more  t^ian  longitudinal  fiutings  upon  the  external  surface. 
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§  6.  The  Intestine. — The  location  and  appearance  of  the  intes- 
tine, is  seen  in  fig.  5(),  more  clearly  in  fig.  60.  The  ileum  (il) 
passes  from  the  posterior  pole  of  the  abdomen,  and  appears  to  be 
united  to  the  colon  (col)  by  a  fold  which  I  have  ventured  to  refer 
to  as  the  ileo-secal  valve  (iLv),  The  rectal  glands  (re.gl) 
appear  upon  the  colon,  and  the  rectum  (re),  a  strongly  chitinous 
and  muscular  structure,  terminates  in  the  ciliated  anus  (an). 

Finally,  PI.  YIII,  fig.  58  ^  will  show  the  relative  positions  of 
all  the  organs  opening  into  the  cloaca.  See  Explanation  of  Plates, 
fig.  58. 

We  may  now  construct  for  further  illustration  the  synthetic 
figure,  PI.  IX,  fig.  61,  giving  a  side  view  of  the  entire  intestinal 
canal  in  situ.  This  will  indicate  the  normal  position  of  the  crop 
relative  to  the  abdomen  and  the  other  alimentary  organs.  It  will 
be  seen  that  it  occupies  a  position  anterior  and  superior  to  these. 
The  natural  tendency  of  the  pressure  caused  b}^  the  expansion  of 
the  crop,  as  it  fills  the  abdominal  cavity,  would  be  to  force  the 
remainder  of  the  tract  backward  and  downward.  In  point  of  fact 
it  is  so  found.  A  number  of  workers,  with  abdomens  in  various 
degrees  of  distension  were  examined,  and  the  condition  and  site 
of  the  digestive  organs  noted.  A  few  outlines  of  these  abdomens 
are  given : 

The  series  begins  with  Fig.  63  (PI.  IX),  where  the  crop  is  shown 
in  nearly  normal  site,  and  well  filled. 

The  same  condition  is  indicated  at  Fig.  66,  except  that  the  crop 
shows  marks  of  having  once  been  quite  distended  and  afterward 
emptied. 

Fig.  64  shows  a  worker,  whose  crop  about  half  fills  the  abdomen. 
The  gizzard,  (/z,  is  forced  downward  (ventral)  and  has  the  anterior 
poles  of  the  sepals  turned  upward  (dorsad;.  The  effect  of  sub- 
sequent pressure  (should  the  crop  have  expanded),  in  forcing  the 
stomach,  etc.,  backward  and  downward  into  the  cloacal  cavity, 
can  readily  be  predicted  from  the  figure. 

In  Figs.  62  and  65,  the  abdomens  of  workers  in  the  semi-rotund 
state,  the  distension  has  advanced  a  little  further  so  as  to  push 
the  stomach  in  one  case  (62)  as  far  as,  in  the  other  (65)  partly 
beyond,  the  fourth  segmental  plates,  compressing  the  intestine 
proportionately. 

1  Adapted  from  Forel,  "Der  Giftapparat  und  die  Analdriisen  der  Amei- 
sen,"  Zeitschrift  f,  tcUs.  Zool,  Bd.  XXX. 
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That  the  same  results  follow  in  all  the  worker  castes  may  be 
seen  in  Fig.  G7,  the  abdomen  of  a  minim  or  dwarf  worker. 

Turning  to  the  hone^'-bearers,  we  find  precisely  the  same  con- 
dition of  the  abdomen,  except  that  the  distention  of  the  crop  lias 
greatly  increased,  pushing  its  walls  in  all  directions  quite  up 
against  the  inner  walls  of  the  abdomen,  forcing  the  latter  into 
rotundity,  and  compressing  the  other  organs  into  the  smallor 
space. 

Fig.  69  is  the  abdomen  of  a  honey-bearer,  which  appeared  to  le 
a  little  short  of  the  full  rotundity.  The  crop  filled  the  entire 
cavity,  but  the  gizzard,  stomach  and  intestine,  instead  of  being 
crowded  together  upon  each  other,  were  in  their  normal  relations, 
and  appeared  to  be  in  an  entirely  healthy  state.  The  aspect  of 
many  of  the  bearers  raised  the  query,  whether  the  anus  might  not 
be  sealed  by  the  organs  forced  against  it,  thus  stopping  all  excre- 
tion, and  making  the  animal  simply  a  vital  honey-pot.  The  above 
individual,  at  least,  had  every  appearance  of  normal  condition  and 
action  of  all  the  organs. 

In  the  next  example  (fig.  70),  the  gizzard,  stomach,  malpighi- 
an  vessels  and  intestine  are  forced  down  quite  within  the  compa^s 
of  the  fourth  pairs  of  segmental  plates,  and  directly  over  the  cloaca  1 
vent.  For  the  most  part  these  organs  are  situated  ventral,  but 
here  they  are  partly  dorsal  of  this  cleft.  The  most  usual  position 
of  the  stomach  in  the  honey-bearers  is  between  and  quite  close  to 
the  filth  and  fourth  ventral  plates.  The  gizzard  is  a  little  anterior 
of  this,  the  sepals,  which  mark  the  posterior  pole,  or  entrance  of 
the  crop  within  the  gizzard,  being  directed  downward,  upward, 
downward  and  backward,  upward  and  backward,  or  forward,  at 
hap-hazard. 

Another  illustration  is  given  (fig.  08),  in  which  the  crop  of  a 
hone3'-bearer  is  seen  in  the  act  of  contraction,  after  having  been 
punctured  through  a  slit  («)  in  the  abdomen.  When  one  hold^i  a 
rotund  up  to  the  light,  and  looks  into  the  semi-transparent  abdo- 
men, it  is  not  possible  to  distinguish  the  crop  from  the  alxlominal 
membrane.  But  in  the  example  here  figured,  as  the  honey  fiowed 
out  from  the  pierced  crop,  the  slowly  contracting  and  thickening 
folds  of  the  partly  emptied  organ  were  thus  revealed.  Nothing 
could  demonstrate  more  clearly  than  this  experiment  and  fignro, 
that  it  is  the  c7'op  alone  which  fills  the  distended  abdomen. 

I  venture  to  add  a  final  illustration  to  this  series.     I  was  en- 
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;»H  psivF-ti:>  >i  or  THE  A«:A:E>rY  or  ^ISSl. 

aM-  I  \<j  sepirat---  -.^  '.r  jj*  •^^tir*'  from  tlie  ai-Ioin-.n.  an  1  mount  it 
f»r  :->;rO"?coi»ic  exi.Lii:*ii:i  on.  Iii  tlii^  •Iclieatc  work.  wLich  could 
not  o'.iif.-rwisc  have  r.-cn  *Ionr.  I  w-a-i  a;  it- i  ^v  soiiu-  morlti  I  con- 
t\\l:'>:i  of  tlif  aUioiiicL.  I  ■'Cea-i'.'iiall;.'  L-.ttirc'l,  t>»l!i  in  ti.e  natural 
an«l  ar'.itlcial  ne-^ts.  h','n»-y-U.:ircrs  wL^-m.*  ;i?.«  loint-ns  luul  the  ajv 
I>tiir:tiiCc  of  con»::»  <  PI.  VI.  il^.  Zi  an^l  ■L'.-  outer  UK-m^ininc  hung 
in  f'>ll-."  Th»:_v  *f;Mi:i-.-l  to  have  surf-rtrd  souk*  iiijiry,  which  ap- 
par-utly  h:v\  aifi.ri- 1  thr  croj*.  It  wa-?  from  ^i.e  of  tli*.-^*  tliat  the 
cr«»ii  '^Pl.  VIII.  fiir.  'jO)  wa.s  tfiken. 

Tl.*:se  ^tudiL"*  piiut  to  the  f-jlL-^wing  conelu-ion-i : 

I.  Firitt,  and  rth'^'.'hrely.  that  it  i*  the  *rop  a'o-i*'  which  contains 
the  nectar  rect.-ived  at  the  mouth,  which,  imtnen^elv  di'^ten  led 
liier»l»v.  fills  the  roundtn]  ablonien  of  :he  honev-l»earor. 

II.  Serond.au'l  al»<olu'ely.  the  orirau- i.f  the  aNlnminal  portion 
of  the  uliniuntarv  canal  in  the  h«»nev-ln-nrer<  are  oplinarilv  in  a 
natural  state.  excej»t  in  >o  f:ir  as  their  position  ha^?  K-en  chanired 
hy  tlie  downward  nnd  Itaekward  i»re-sure  of  the  expanding  crop. 
Tlii-  condition  of  the  alxlijuien  is  fre  [uent;  in  a  greater  or  less 
decrPM*.  among  ants. 

Th'-re  hiis  he<n  much  error  and  h»o^e  "Stati-ment  on  tin's  point 
amon::  author^.  .So  eminent  an  anatomist  as  Dr.  Joseph  Leidy 
.supiiO-»d  that  the  honey  was  containt- 1  within  the  >t<>maeh:  that 
all  t.ie  other  vi-eera  of  the  stom  n-h  we:v  ohliterate«l.  and  that 
even  the  tracheal  vessels  had  entirely  "li^apiK^ared.-  Dr.  Oscar 
Loeu  Mnake«  some  lorrect  notices  of  the  ln.»nry-ant,  a<  seen  at  Santa 
F»-,  New  Mexico.  ]  Hit  permits  himself  to  n^ognize  "  the  intestine  .  . 
as  a  n:irrow  canal  winding  through  the  rouu  letl  and  puifed  uj)  al> 
dom<*n.*'  Thi<  could  only,  in  any  sen-ie.  be  allirmed  of  a  small 
part  of  the  ab'lomeu.  the  po>terior  portion  into  whieh,  as  we  have 
jieen,  the  intestine  i>  crowded.     It  is  po^ible  that  the  dorsal  ves- 

'  I  do  not  credit  the  statement  (fvocw)  that  many  of  the  rotnmls  burst 
by  furce  of  the  prusaure  uj^on  the  crop.  Prohubly  this  never  iKcurs  in  na- 
ture. The  spots  of  moistened  clay  seen  by  observers  rather  mark  the 
wreck  of  ants  crushed  by  pres^^ure  ujion  the  chaml>ers  and  galleries  during 
excavation,  or  ruptured  by  falling  from  the  roosts. 

'  Proceedings  Academy  Natural  Science,  Vol.  VI,  18o2,  p.  72.  This, 
however,  was  twenty  nine  years  ago. 

'  C  Iicmist  and  mineralogist  to  Lieut.  Wheeler's  Exi>loring  Expedition, 
Ameriran  yataruHat,  Vol.  VIII,  1874,  p.  365-6. 
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sel  may  have  been  mistaken  for  the  intestine,  as  this  may  be  seen 
in  some  specimens  ver}''  plainly. 

Dr.  James  'Blake  ^  has  published  a  brief  report  in  which  he 
falls  upon  an  error  quite  the  reverse  of  Dr  Loew.^  ''  The  intes- 
tine of  the  insect,"  he  says, "  is  not  continued  beyond  the  thorax,  so 
that  there  is  no  way  in  which  the  remains  of  the  food  can  be  ex- 
pelled from  the  body,  except  hy  the  mouth."  It  follows,  of  course, 
that  with  this  view,  he  should  further  err  in  supposing  the  honey- 
bag  to  be  formed  simply  by  the  expansion  of  the  abdominal  seg- 
ments. 

The  illustrations  above  figured,  on  the  contrary,  show  that  the 
intestinal  canal  has  neither  been  ruptured,  nor  resorbed,  nor  other- 
wise disposed  of  than  is  quite  natural.^ 

III.  Third,  it  is  seen  that  the  process  by  which  the  rotundity 
of  the  honey-bearers  has  probal)ly  been  produced,  has  its  exact 
counterpart  in  the  ordinary  distension  of  the  crop  'in  over-fed 
ants ;  that,  at  least,  the  condition  of  the  alimentary  canal,  in  all 
the  castes  is  the  same,  differing  only  in  degree,  and  therefore,  the 
probability  is  very  great  that  the  honey-bearer  is  simply  a  worker 
with  an  overgrown  abdomen. 

If  this  last  conclusion  has  not  been  fully  demonstrated,  it  has 
at  least  been  shown  that  there  is  no  anatomical  or  physiological 
obstacle  thereto,  but  very  much  confirmatory  thereof. 

The  Australian  IIoney-Ant. — An  exceedingly  interesting 
discovery  of  a  new  species  of  hone^^-ant,  adds  to  the  probability 
of  this  last  conclusion.  Sir  John  Lubbock  has  described  this 
species  as  Cdmponofus  in  flatus^*  from  specimens  collected  at 
Adelaide,  Australia.  J  received  examples  through  the  courtesy 
of  Mr.  Gerald  Waller,  last  summer,  which  enabled  me  even  in 
advance  of  Lubbock's  admirable  description,  to  note  that  a  con- 

*  Proceedings  California  Academy  Science,  1873,  part  II,  page  98. 

^Dr.  Foi-el,  in  the  communication  to  the  Morphologico  physiological  So- 
ciety of  Munich,  already  alUided  to,  api)ears  to  me  to  have  misunderstood 
Dr.  Loew's  published  statement.  Dr.  L.  erred  in  vseeing  too  much  intestine, 
instead  of  none  at  all. 

*  It  is  not  worth  while  to  more  than  mention  here  the  opinion  which  has 
teen  largely  circulated,  that  the  workers  bite  and  icound  ihe  ends  of  the 
abdomens,  producing  thereby  an  inflammation  which  seals  up  the  anus, 
stops  all  excretion,  and  so  causes  the  repletion  of  the  abdomen. 

*  Journal  Linn.  Soc.  Zoology,  1880,  Vol.  XV,  p.  185,  seq. 
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ditioii  supposed  to  be  peculiar  to  our  American  Melliger,  obtained 
ill  an  Austndiau  species  belonging  to  a  genus  quite  removed  from 
Myrmevoi'ijaiua.  Mr.  Waller  could  tell  me  nothing  of  the  habits 
or  habitat  of  C  in  flatus^  and  Lubbock  has  no  account  of  any. 
But  the  congeners  of  the  Australian  insect  are  '^  Cariienter  ants,'' 
quite  genendly  making  tlieir  foimicaries  in  the  roots  and  trunks 
of  trees,  and  thus  in  economy  as  well  as  structure  diller  from  31. 
horhLi-deorum.  This  widening  of  the  range  within  which  this 
hitherto  phenomenoual  condition  of  the  abdomen  is  found,  not 
only  raises  the  suggestion  whirh  Sir  John  makes  of  an  indei)endent 
origin  of  the  modification  in  the  two  species,  but  also  adds  to 
the  prul>ability  that  the  moditication  ma}'  have  originated  in  the 
natural  mode  which  I  have  descriWd. 

It  is  to  Ik?  regretted  that  Lubbock  did  not  make  an  examination 
of  the  alimentary  canal  of  his  species,  which,  with  the  material 
and  resources  at  his  command,  wouhl  doubtless  have  been  highlv 
satisfactory.  However,  I  undertook  from  my  limited  material,  to 
make  at  least  so  much  of  a  stuilv  of  the  digestive  orirans  as  would 
l)ennit  some  comparison  with  results  obtained  from  Hortus- 
deoruiu.  I  had  but  one  ^x^rfect  specimen,  which  is  figured  Plate 
X,  fig.  74.  The  aKlomen  of  this  example  was  remove<l  and  care- 
fully mounted  without  rupturing  the  abdominal  walN.  The 
result  is  shown  at  Plate  IX.  fig.  71,  and  as  will  at  once  be  seen, 
corresponds  with  those  obtained  fully  from  Ilortus-ileorum,  and 
as  far  as  pursued,  from  Mexicanus  also.  The  crop  (fig.  71)  fills 
the  cavity  of  the  alxlomen,  ami  the  rest  of  the  digestive  organs 
are  seen  crowded  into  the  anal  region.  The  jrizzard  has  the 
general  features  of  that  of  Hortus-<.leorum,  but  has  marked  ciiarac- 
teristics,  quite  identical  with  those  of  the  genus  Camju^nntus  as 
pointed  out  by  Forel.*  The  sepals  are  not  deflected  at  the  anterior 
l)ole,a**  in  the  lily-shaped  sepals  of  Hortus-deorum,  but  are  clavate 
and  straight. 

Thi^  fact  certainly  strenjrthens  the  conclusion  arrived  at  con- 
cerning  the  American  si>ecies  of  honey-])earer,  viz..  that  the  rotund 
has  been  developed  by  natural  habit  from  the  ORlinary  worker, 
and  that  the  possibilities  of  such  a  condition  exist  in  the  structure 
and  functions  of  all  nectar-feedinc:  ants.  Why  the  extraordinarily 
distended  crop  seen  in  the  hone\-ant  should  be  limited  to  two 

*  Etudes  Myrmecologiques,  Bull.   See.  Vaud.  dc  Sci.  Nat.  1S7S.     PI 
XXIII,  fig.  1. 
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species  (so  far  as  known),  and  why  so  limited  a  number  of  workers 
in  the  formicaries  of  these  two  species  should  develop  the  round 
alxiomen,  are  questions  that  provoke  sufficient  wonder,  but  yield 
scant  satisfaction. 

XI.  Possible  Organs  of  Stridulation  in  Ants. 

The  segmental  plates  of  the  abdomen  are-  composed  of  numer- 
ous hexagonal  epithelial  scales,  PI.  YII,  fig.  48,  which  present  a 
ver}'  beautiful  appearance,  as  of  delicate  mosaics,  when  viewed 
through  a  microscope.  When  a  profile  view  of  one  of  these  plates 
is  ex])Osed  to  the  lens,  as  at  fig.  49,  the  scales  are  seen  to  be 
imbricated,  that  is,  to  overlap  each  other  like  tiles  on  a  house 
roof,  and  show  the  serrate  edge  figured  in  the  cuts,  figs.  49  and 
50.  The  former  (49)  is  drawn  from  a  section  of  Camponotus 
injiaias,  and  the  latter  (50)  from  Hortus-deorum.  Tliis  serrate 
edge  not  only  shows  upon  the  external  part  of  the  plate  e.  ah.  pl.^ 
but  upon  the  imbricated  portion,  i.  ah.  pi.  By  referring  to  the 
manner  in  which  the  one  part  overlaps  the  other  shown  at  figs. 
53,  54,  it  may  be  seen  that  a  backward  and  forward  motion  of 
the  plates  upon  each  other  might  produce  a  faint  rasping  sound. 
That  this  motion  is  entirely  possible  can  hardly  be  doubted.  The 
abdominal  plates  are  continually,  though  gradually,  sliding  out 
and  in,  like  the  parts  of  a  telescope,  under  the  expansion  and 
contraction  of  the  crop,  as  the  ant  feeds  or  regurgitates  the  con- 
tained nectar.  All  that  is  required  to  have  the  complete  condi- 
tions for  stridulation  seems,  therefore,  to  be  the  muscular  ability 
to  perform  this  action  rapidly;  which,  it  appears  to  me,  ants  cer- 
tainly j)Ossess. 

I  have  often  noticed  the  peculiar  hiss-z-z-z  I  which  arises  from 
an  excited  colony  or  column  of  ants,  a  sound  which  grows  in 
intensity  according  to  the  degree  of  excitement.  I  have  also  met 
an  oi)inion  prevalent  among  ordinary  observers,  that  the  ants 
produce  this  sound  by  some  organ  analogous  to  some  one  of  those 
by  which  other  insects  produce  musical  notes  or  noises — in  short 
(to  use  the  popular  phrase),  that  "ants  sing.''  But  I  have  here- 
tofore been  disposed  to  consider  the  noise  referred  to  simply  as 
the  result  of  friction  of  a  great  multitude  of  insects  moving  rapidly 
over  the  surface  of  the  earth,  the  litter  of  leaves,  twigs,  etc.,  and 
against  the  hard,  shell-like  bodies  of  their  fellows,  or  possibly  (also) 
by  the  gratings  of  the  hard  tooth-like  mandibles  upon  each  other. 
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I  am  not  yet  prepared  to  abandon  this  opinion,  nor  to  aflinn  that 
ants  do  produce  audible  sounds  by  pro^wr  striiUilating  organs; 
but  sirapl}^  record  the  structunil  possibilit}*  of  such  Ix^havior. 

Since  making  the  above  note,  Mr.  Swinton's  work  on  *' Insect 
Variety  ''  ^  has  reached  me.  The  author  records  an  exani})le  of 
what  seemed  to  be  an  act  of  stridulation  by  a  small  yellow  ant, 
Myrmica  riiginodia. 

This  insect  was  observed  vstationed  near  the  edge  of  an  inverted 
wine  ghiss,  underneath  which  it  had  been  confined,  its  head  down- 
ward, rapidly  vibrating  its  abdomen  vertically  from  the  pedicle, 
and  simultaneously  giving  out  a  continuous  singing  sound,  in 
color  and  intensity  resembling  the  sharp  whining  of  the  little 
dipteron  Syrilla  pipems. 

Concluding  that  the  rhj'thmical  motion  accomi)anying  the 
music  indicated  this  ant  as  a  stridulator,  the  author  undertook  a 
microscopic  study  of  its  anatomy,  fnmi  which  the  following  facts 
appear:^  The  ant  belongs  to  the  family  31yumicid-<e,  which  are 
distinguished  from  the  Formicid.k,  to  which  our  honey  ant 
belongs,  by  having  two  knots  or  nodes  to  the  petiole.  TIh'  second 
or  posterior  knot  is  commonly  tlie  larger,  and  is  placed  ipiite  near 
to  the  anterior  pole  of  the  abdomen.  Upon  the  insertion  of  the 
abdomen  into  this  node,  were  observed  twelve  minute  vet  reirular 
annular  strije.  (Tl.  X,  fig.  81.)  This  stria'ion  was  i)ro(luced,  but 
less  distinctly,  upon  tlie  articulation  of  this  (the  second)  node 
with  the  first  (anterior)  node.  It  was  conjectured  that  the  rapid 
movement  of  these  joints  of  the  petiole,  back  and  forward  upon 
each  other  and  upon  the  abdomen  (like  the  jointed  tuU's  of  a 
telescope),  produced  the  sound  above  described.  As  the  nodes 
are  to  be  regarded  as  abbreviated  segments  of  the  abdomen,  and 
as  the  abdominal  segments  have  already  l)een  shown  to  lie  capable 
of  movement  one  ui)on  another,  Mr.  Swinton's  interesting  o1)ser- 
Vation  gives  new  value  to  the  suggestion  above  made  concerning 
the  structural  possibility  of  stridulation  in  the  honey  ant  and 
others  of  like  organism. 

*  "Insect  Variety,  its  Propagation  and  Distribution,"  by  A.  H.  Swin- 
ton,  member  of  the  Entomological  Society  of  London,  p.  106,  and  PI.  VI, 

fig.  7. 
2  Tlie  writer's  account  is  somewhat  confused  by  false  punctuation,  and 

he  falls  into  the  error  of  conjecturing  that  the  small  worker  may  liave  been 

a  male.     1  have  given  my  understanding  of  the  structure  as  derived  chiefly 

from  the  figure,  which  I  reproduce  with  some  alteration. 
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XII.  Destruction  of  tue  Ants  by  Mites. 

The  untimely  end  of  my  artificial  colonies  is  worthy  of  a  passing 
note.  The  ants  were  brought  from  Colorado  in  large  jars,  domi- 
ciled in  their  native  soil.  Every  precaution  which  circumstances 
would  allow  was  taken  to  preserve  their  health,  but  after  a  con- 
finement of  over  seven  months,  during  which  many  of  the  obser- 
vations noted  above  were  made,  they  became  infested  with  mites. 
These  parasites,  or  their  germs,  were  probably  brought  from 
Colorado  with  the  insects,  although  I  did  not  observe  them  until 
late  in  their  imprisoment.  However,  I  have  seen  the  same  or 
similar  pai*asites  upon  other  ants  while  in  their  home-nest,  and 
more  than  once  have  suffered  the  loss  of  colonized  formicaries 
from  their  inroads. 

In  the  case  of  the  honey  ants  I  was  powerless  to  give  relief  of 
any  kind,  and  witnessed  with  real  grief  the  helpless  little  sufferers 
in  their  struggles  to  free  themselves  from  their  destrox'crs.  I  have 
figured  the  head  of  an  ant  thus  infested,  at  PI.  VII,  fig.  39,  where 
the  mites  may  be  seen  clinging  to  the  cheek,  mandibles  and 
antennjv.  I  have  sp:ired  the  feelings  of  m}'  readers  so  far  as  to 
figure  but  a  few  of  the  pests.  In  point  of  fact  they  literally' 
covered  the  mouth  parts,  where  they  were  chiefly  congregated, 
although  they  were  attached  to  other  parts  of  the  body.  Tbe 
poor  "  host,''  although  so  admirably  provided  with  implements 
for  cleansing  her  person — such  as  the  mandibles,  mouth  and  tarsal 
comb— found  all  efforts  to  rid  herself  of  her  '*  guests  '^  futile. 
Even  that  friendly  aid  in  toilet  service  which  one  emmet  is  wont 
to  extend  to  another,  was  vain.  Gradually  the  poor  victim 
yielded  life  to  the  parasitic  swarm  that  sucked  at  her  vital  juices. 
The  charnel-house — the  little  cemetery  centre  at  one  side  of  the 
formicar}' — gained  many  inmates  daily ;  the  galleries  and  cham- 
bers thinned  of  their  busy  populace  and  grew  loneh' ;  at  last,  as 
in  some  plague-stricken  human  commonwealth,  the  dead  were 
suffered  to  lie  where  they  fell,  for  the  living  were  themselves 
sealed  to  death,  and  unable  to  give  their  comrades  sepulture.  So 
my  nests  faded  away,  until,  unwilling  longer  to  witness  their  suf- 
ferings, I  gave  them  all  a  painless  death. 

Mv  studies  were  seriouslv  interfered  with  by  this  calamitv,  as 
many  of  my  well-nigh  ripened  experiments  thus  came  to  nought. 
But  one  cannot  complain,  for  Nature. and  Destiny  pursue  ants 
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also,  aiul  tlirit  this  particular  form  of  insect  doom  is  imhappily 
not  rare  has  long  ago  l)een  voiced  in  the  familiar  couplet : — 

''  Great  ileas  have  little  fleas,  they  6m<iller  tleas  to  bite  'cm  ; 
Smaller  fleas  have  lesser  fleas,  and  bo  ud  ihfinitttm.-* 

One  might  i)ass  to  the  opposite  pole  of  the  zoological  series — 
Man — and  add  the  reflection  of  Quintus  Serenus  upon  the  death 
of  the  Dictator  Svlla: — 

*'  Great  Sylla,  too,  the  fatal  scourge  hath  kuowii. 
Slain  by  a  host  far  mightier  than  his  own." 

It  "knight  be  supposed,  at  least  I  had  so  thought,  that  the 
]>rosonce  of  these  parasites  would  greatly  irritate  the  ants,  and 
produce  an  excited  behavior,  and  animated  struggles  to  l>e  rid  of 
their  guests.  On  the  contrary,  they  endured  the  atlliction  with 
wonderful  patience.  It  seemed  to  me,  although  one  must  allow 
in  such  cases  for  the  anthropomorphic  color  upon  his  observa- 
tions, that  the  unfortunate  creatures  were  quite  conscious  of  their 
doom,  of  the  hopelessness  of  contending  against  it,  and  had 
yielded  themselves  in  a  philosophic  resignation. 

The  mites  are,  in  color,  white,  almost  transparent,  and  are 
al>out  one  millimetre  in  length.  I  am  not  certain  as  to  the  si)ecies, 
but  present  correct  drawings  of  the  animals,  from  which  the}* 
may  be  determined  by  a  competent  authority.  (See  1*1.  VII, 
fig<.  40,  41),  Greatly  magnified  views,  in  several  degrees  of  ex- 
pansion, of  the  sucking  organs,  b}-  which  the  mites  t-ling  to  their 
host,  are  shown  at  figs.  42,  43,  44. 

XIII.  PRE^^ous  Accounts  of  the  IIoney-Ant.        • 

The  first  account  of  the  llonev-ant  was  given  to  the  world  bv  Dr. 
Pablo  de  Llave,  in  the  year  A.  D.  1S32,  in  a  ^Mexican  journal.* 
A  translation  into  French  of  the  substance  of  this  piiper  was  given 
by  Monsieur  H.  Lucas  in  the  French  Review  and  Magazine  of 
Zoology,  June,  1800.-  Meanwhile  (1838),  M.  Wesmael  had  piil> 
lished  a  description  of  the  ant,  with  figures,  without  knowledge  of 
the  above  paper  of  Llave,  esta])lishiug  for  it  the  Genus  ^Myrmeco- 
CYSTUS.     Wesmael's  generic  name  remains,  but  his  specific  name 

^  Registro  trimcsti'e  o  collecion  de  Memorias  de  Ilistoria  litoratnra  cien- 
ciasy  Artes.  1832. 
'  Revue  et  Magazin  de  Zoologie,  Tome  XII,  1800,  p.  271. 
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(Mexicaniis)  has  of  course  yielded  to  that  of  Llave,  modified, 
however,  from  Melligera  to  Melliyer.  The  Colorado  insects,  upon 
which  the  studies  of  this  paper  are  based,  I  have  ventured  to 
regard  as  a  new  variety,  and  have  named  Myrmecocystus  liortus- 
deorum^  and  tlius  have  retained  Wesmael's  name  as  a  variet}*^  name. 

It  will  be  well  to  state  brieflv  the  facts  in  the  economv  of  these 
insects  indicated  in  the  foregoing  and  other  papers,  in  order  to 
mark  precisely  the  new  facts  which  have  now  been  communicated 
here. 

Llave's  information  was  all  at  second  hand,  he  having  made  no 
personal  observations  of  the  habits  of  Melliger.  From  a  person 
U\ing  at  Dolores,  a  village  in  the  vicinity  of  the  citj'  of  Mexico, 
he  learned : 

1.  That  the  ants  were  popularly  known  under  the  name  of 
B  u  Slier  as; 

2.  That  thej'  do  not  erect  heaps  of  earth  at  the  entrance  to  their 
nests ; 

^3.  That  on  oi)ening  the  nest,  a  species  of  gallery  is  reached,  to 
the  roof  of  which  certain  ants  are  suspended,  packed  one  against 
the  other ; 

4.  That  these  ants  cover  the  roof  as  well  as  the  wall  of  the 
galler3\ 

5.  The  women  and  children  of  the  valley  know  these  nests  per- 
fectly well,  and  frequently  open  them  for  the  sake  of  the  honey- 
l)earers,  or  rotunds.  The  honev  is  sucked  from  the  alxlomen  of  the 
rotunds,  with  gi-eat  relish,  at  the  nests ;  or,  if  it  is  wished  to  pre- 
serve them,  the}'  are  lifted  by  the  head  and  thorax  and  placed 
upon  plates,  in  which  they  grace  the  village  feasts,  and  are  eaten 
as  delicacies. 

6.  The  rotunds  when  thus  placed  together,  stir  around,  lay  hold 
of  and  tear  one  another,  and  finally  end  life  b}-  bursting. 

7.  The  skin  of  the  abdomen,  which  binds  the  segments  together, 
is  so  thin,  and  the  upper  coat  so  distended,  on  account  of  the 
quantity  of  honey  which  it  encloses,  that  the  least  pressure  suf- 
fices to  cause  the  ants  to  discrorjre. 

8.  When  they  do  not  so  disgorge,  that  is,  by  elevating  the  head 
and  thorax,  the  honej-  diminishes,  and  the  ants  eat  it. 

9.  Dr.  Llave  observed,  moreover,  from  specimens  of  tlie  ants 
sent  to  him,  that  there  were  different  castes  of  workers  and  degrees 

.    of  distension  in  the  abdomens,  and 
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10.  That  the  hoiiev  in  the  rotunds  varie<l  in  color  from  a  crystal 
whiteness  to  a  wine-color. 

Several  of  the  al»ove  Ptatements.  as  has  Ijeen  seen,  are  without 
foundation,  but  the  majority  of  them  are  confirmed  in  whole  or 
part  by  my  observations. 

Wesmael,^  who  made  his  <tndy  from  sjieeimens  sent  him  from 
Mexico  bv  the  Belirian  Envov.  Baron  Xormann.  records  his 
cre<lence  of  the  theor\'  announce^^l  bv  that  srentleman,  viz.,  that 
the  houey-l>eari*r  elalK>rates  the  honey  and  deiH)sits  it  in  certain 
reservoirs,  analogous  to  the  cells  of  Ix^es,  for  the  nurture  of  the 
formicary.  ]>aron  Nomiann  was  unable  to  obtain  examples  of 
these  reservoirs  to  send  to  Euroj^e.or  rather  failed  to  do  so  under 
the  conviction  that  they  would  be  destroyed  during  shipment.  In 
ixjint  of  fact,  such  reservoirs  exist  only  in  imagination. 

One  of  the  most  perplexing  accounts  of  the  honey-ant  is  that  of 
Mr.  Henrv  Edwards.'-  Tlie  statements  reconled  are  made  at 
>econd  hand  from  the  verbal  narrative  of  a  Capt.  W.  B.  Fleeson, 
whose  oliservations  were  made  at  or  near  Santa  Fv.  Thev 
are  so  extraordinarv  and  conlradictorv  of  mv  own  exiH^riences, 
tliat  I  am  comiiclled  towithhohl  credence,  until  some  experienced 
observer  shall  have  corroborateil  them,  a  result  of  which  I  have 
little  exi)ectali(jn.  According  to  this  account,  no  exterior  mound- 
let  surmounts  the  formicary,  but  simply  two  openings  into  the 
earth.  Within  the  nest,  at  a  drpth  of  about  three  feet,  **a  small 
excavation  is  reached,  across  which  is  spread,  in  the  form  of  a 
spider's  wt-b,  a  network  of  squares  spread  by  the  insects,  the 
squares  being  about  one-ipiarter  inch  across,  and  the  cuds  of  the 
web^  fastened  firmlv  to  the  earth  at  the  sides  of  the  hollowed 
space  which  forms  the  bottom  of  the  excavation.  In  each  one  of 
the  squares,  su])porte<l  by  the  web,  sits  one  of  the  honey -making 
workers,  apparently  in  the  condition  of  a  prisoner,  as  it  does  not 
apix^ar  that  tliese  creatures  ever  quit  the  nest.'- 

But  the  marvels  of  this  strange  story  are  not  exhausted.     **  The 

^  Bulletin  de  V  Acad.  Roy.  des  Sci.  et  Belles  lettre  de  Bruxelles,  Tome 
V  p.  770.     PI.  XIX,  tigs.  1-4. 

-  Proceed.  California  Acad,  of  Sciences,  Vol.  V.  18T3,  p.  72  ;   **  Notes  on 
the  Iloney-niaking  Ants  of  Texas  and  New  Mexico." 

^  Of  course,  this  is  pure  fiction,  as  no  ant  makes  a  web,  or  anything  that 
could  well  suggest  one.     The  cutting  ant  does  make  out  of  fragments  of 
leaves  a  **comb  *"  of  more  or  less  regular  cells,  resembling  the  nests  of  the  . 
paper-making  wasps. 
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inmates  of  the  formicary  are  composed  of  two  distinct  species, 
apparently  even  of  different  genera,  of  ants.  There  are  the  ordi- 
nary yellow  workers  hi\fi  honey-bearers  of  Melliger,  and  besides, 
black  workers,  who  act  as  guards  and  purve^'ors.  One  column  of 
the  blacks  surrounds  the  openings  on  three  sides,  attacking, 
driving  off  or  destroying  all  intruding  insects.  Another  column 
bears,  through  the  unguarded  side  of  the  hollow  square,  fragments 
of  flowers,  aromatic  leaves  and  pollen,  which  (adds  our  author), 
by  a  process  analogous  to  that  of  the  bee,  the  honey-makers  con- 
vert into  hone3\" 

One  can  hardly  refrain  from  the  thought  that  Capt.  Fleesou 
was  testing  the  credulity  of  the  writer  by  one  of  those  jokes  of 
which  naturalists  are  occasionally  the  victims.  But,  if  the  narra- 
tive is  to  be  taken  in  good  faith,  I  can  only  explain  the  fiiets  by 
supposing,  first,  that  the  observer  h'ai)pened  upon  a  nest  of  cutting- 
ants  (Atta  fervens)^  within  whose  boundaries  a  nest  of  Melliger 
had  chanced  to  be  established,  and  had  confounded  the  liabits  of 
the  two  as  those  of  one  formicary ;  or,  second,  that  the  cutting- 
ant,  or  some  other  species  of  similar  economy,  has  really  acquired 
the  habit  of  kidnapping  and  domesticating  the  honey-ant  for  the 
sake  of  its  treasured  sweets,  precisely  as  many  ants  domesticate 
aphides ;  or,  as  the  slave-making  ants,  Formica  sanguinea  and 
"Polyergus  lucidus^  domesticate  Formica  fusca  and  F,  Schaitjfusin^ 

One  of  the  latest  accounts  of  the  honey-ant,  and  so  far  as  it 
goes,  one  of  the  best,  is  that  of  Mr.  Saunders,  the  editor  of  the 
Canadian  Entomologist^^  who  communicates  to  his  journal  some 
observations  made  by  Mr.  Kummeck,  at  Santa  Fe.^  According 
to  this  observer,  considerable  numbers  of  these  insects  arc  found 
in  the  mountains  of  that  vicinity.     He  sat  by  a  nest  six  or  seven 

'  One  may  not  be  over  rash  in  refusing  belief  even  to  facts  that  <^o  counter 
to  all  past  experiences,  for  the  marvels  of  Nature  are  ever  widening  within 
our  view.  While,  therefore,  I  am  inclined  to  reject  the  whole  story,  I  await 
the  observation  of  some  trained  naturalist,  givin<j  the  account  tlie  benefit 
of  the  above  possible  explanations. 

2  Can.  Eutom.,  1875,  Vol.  VII,  pp.  12-13. 

*  I  may  be  permitted  to  explain  why  I  did  not  go  to  New  ^lexico,  to 
attempt  on  the  spot  a  solution  of  some  of  the  questions  raised  by  these 
accounts-  I  had  made  every  an*angement  to  do  so,  after  my  studies  in  the 
Garden-of-the-gods  were  completed,  but  on  the  morning  that  I  was  to  break 
camp,  was  taken  with  a  sudden  and  violent  illness  which  compelled  me  to 
abandon  my  journey. 
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hours  aii<l  noticed  the  workers  carry  home  leaves  of  different  planU 
to  fecMl.  as  he  supposed,  "the  others  that  produce  the  hone\'/* 
This  wouhl  seem  to  confirm  the  h*af-lx»aring  habit  (quoted  by  Mr. 
Edwards  from  Capt.  Fleeson.  Tiie  inference  as  to  the  use  of 
these  leaves  is,  however,  quite  unwarranted,  as  the  portage  of 
leaves,  etc.,  into  nests  is  not  an  uncommon  habit  among  ants 
of  divers  species.  AVithout  stopping  to  discuss  the  question 
whether  such  material  may  contribute  to  the  food  supply  of  the 
formicary,  it  may  be  remarked  that  its  most  ])robable  and  ordinary 
use  is  for  purposes  of  architecture  or  nest-building. 

Mr.  Kunimeck  also  makes  the  remark,  which  I  had  not  seen 
at  the  time  my  own  conclusions  had  been  reached,  tliat  "  in  early 
life  none  of  these  insects  present  any  unusual  distension  of  the 
body,  but  wlien  arrived  at  a  certain  period  of  maturity  some 
individuals  begin  to  show  a  distended  abdomen." 

The  ant  iionev  has  no  commercial  value  amonj?  the  New  Mexi- 
cans.  It  has  a  place,  however,  as  a  remedy  in  the  domestic  therap 
l>euties  of  the  native  Indians,  who  compound  a  drink  by  mixing 
three  to  four  drachms  of  the  honev  with  six  ounces  of  water.  The 
drink  is  use<l  in  cases  of  fever.  The  honey  is  also  applied  as  an 
unguent  in  eye  diseases,  especially  cataract. 

To  the  above  may  properly  be  added  two  accounts  of  my  own 
^^tudies  published  in  the  London  Journal  of  Science,^  These  are 
reports  made  by  Mr.  Morris,  of  the  verbal  communications  in 
which  my  observations  were  originally  aunouncfcd  to  the  Academy 
of  Natural  Sciences  of  Philadelphia.  They  were  made  and  printed 
without  any  oversight  or  responsibility  on  m}'  part,  but  are 
admirablv,  and  in  the  main,  accuratelv  done.  They  have  been 
reproducv'd  with  various  degrees  of  fulness  in  other  journals. 

Such  oth.T  notices  of  this  ant  as  I  have  boen  able  to  find,  and 
have  had  occasion  to  use,  will  be  found  pro[)erly  referred  to  in  the 
text  of  tills  pip.T,  where  those  who  are  interested  in  the  literature 
can  readilv  find  them. 

*  Jonr.  Sci.,  Febiniary,  1880,  *•  Living  Honey  Comb  ;  a  novel  phase  of 
Ant  LilV.''  I5y  Mr.  C.  Morris.  Ibid.  July,  1880,  *»  Habits  and  Anatomy 
of  the  Honey-bearing  Ant."     By  Charles  Morris. 
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XIY.  Description  of  Species. 
FORMICARI.E. 

Family  PORMICIDJB. 

Subfamily  CAMPONOTII)^  (Forel). 

Genus  MYBMECOCYSTUS,  Wesmael. 

Cataglyphis,  Foerster,  Verh.  d.  Nat.  Ver.  d.  Rheinl.,  1850 ;  Mayr,  Europ. 

Formic,  1861;  Norton,  Wheeler's  Report,  Vol.  V,  Zool.,  p.  734. 
MonocumbuBy  Mayr,  Verh.  d.  Zool.-bot.  Ver.  in  Wien,  1855. 
MyrmeeocystuSf  Forel,  Etudes  Myrmecologiques,  Bull.  Soc.  Vaud.  de  Sci. 

Nat. 

M.  melliger,  Llave. 

1.  Var.  mexicanuif  Wesm. 

2.  Var.  hartus-deorumj  McCook. 

Workers, — Three  castes,  major,  minor  and  minim  or  flwarf. 
Color,  a  uniform  light  yellow ;  the  body  is  covered  quite  thickly, 
the  legs  more  thickly,  with  short  yellow  hairs.  The  maxillary 
palps  are  very  long,  six-jointed,  third  joint  longest ;  the}'  are 
covered,  especially  beneath,  with  long  hairs,  curved  backward. 
Labial  palps  four  joints  ;  mandibles  with  nine  teeth.  The  head  is 
quadrate,  in  the  worker-major  more  rounded  at  the  sides  than 
with  the  minor  and  dwarf;  wider  than  the  thorax.  Clypeus 
smooth,  rounded,  slightly  flattened  in  front  of  the  frontal  area. 
Frontal  area  smooth,  shining,  triangular,  somewhat  truncated 
posteriorly.  Ocelli  sufficiently  i^rominent;  a  tuft  of  hairs  on  the 
face  beneath,  directed  forward.  The  body  is  of  good  length. 
narrow  and  compressed  beneath  at  the  mesothorax ;  metanotum 
as  high  as,  or  slightly  higher  than  the  pronotura.  The  node 
cordate,  cleft  at  the  tip,  thickened  at  the  base,  set  perpendicuhirly 
upon  the  petiole.  Anus  strongl}'  ciliated.  Length,  worker-major, 
8^  mm. ;  worker-minor,  t  mm. ;  w^orker-minim,  5  J  mm. 

Honey-bearers  —A  sedentary  class  or  caste  distinguished  by 
abdomens  distended  into  spherical  form  b}^  ex[)ansion  of  the  crop 
filled  with  grape-sugar.  The  length  (including  abdomen)  is  13 
mm.  (one-half  inch) ;  the  proportions  and  description  of  I  lie  head 
and  bod}^  are  those  of  the  worker-major,  of  which  it  may  be  a 
developed  form. 

Female. — Virgin  queen,  total  length,  13  mm.,  as  follows  :  Man- 
dibles, 1  m. ;  head,  2  mm. ;  body,  5  mm. ;  alxlomen,  5  mm.     Width 
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of  alwlomen,  3  mm.;  of  prothorax,  2  mm.  Color,  livid  yellow. 
Foro-wiiifTj  14  mm.  long;  venation  as  in  PI.  X,  fig.  77. 

Mnh\ — Length,  5  mm. ;  lengtli  of  fore-wing,  5^  mm.  Color, 
livid  yellow ;'  the  head,  upper  part  of  thorax  and  dorsum  of  alxlo- 
men  Mackish.  The  mandible  has  one  feeble  tooth  at  the  tip,  and 
two  otliers  shorter  and  feebler. 

Ilnhilat. — Southern  Colorado,  occupying  subterranean  formica- 
ries with  small  gravel-covered  exterior  moundlet,  pierced  by  one 
central  gallery. 

ALPHABETICAL  KEY  TO  REFERENCES  IN  THE 

PLATES. 

The  references  are  uniform  in  application  throughout  all  the 
figure-j.  References  whicli  occur  only  once,  and  are  explained  in 
the  "  Explanation  of  Plates,"  are  not  placed  in  the  Key. 


aft.,  abdomen. 
oh,  ph  abdominal  plate. 
ah,  pL  </,  abdominal  plate  dorsal. 
ah,  jjL  r,  abdominal  plate  ven- 
tral. 


an^  anus. 


an.  sp,  scape  of  antenna. 
ant  J  antennie. 

6c.  s,  buccal  or  mouth  sac. 
b.  fjz^  bowl  of  gizzard. 
hn,  (jz,  l)Utton  of  gizzard. 
b.  7?i«,  branched  muscles. 

CLy  Clypeus. 

C  ms,  crop  muscles. 

Coly  colon. 

Oy»  i/i.  cylinder  of  gizzard. 

Z>,  dorsal. 

Ey  epithelium. 

E.  i.  a.  epithelium   imbricated, 
serrate  edge.] 


E.  ab.  2^h  exterior  abdominal 

plate. 
jKj^c,  epicranium. 

/.  ar,  frontal  area. 
yWm,  femora. 
//(/,  flagellum  of  antenna. 
fm^  foramen. 

gz^  gizzard. 

''l/i  hypop3'gium. 

i,  a6.;;^,interiorabdominal  plate. 

i7,  ileum. 

?7.  r,  ileo-secal  valve. 

in,  intestine. 

/6,  labium. 

Ik  /),  labial  palps. 

/6m,  labrum. 

viby  mandibles. 
moy  mouth. 
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mpg,  malpighian  tubes.  pr.  thj  prothorax. 

WW,  muscles.      ,  py^  pygidium. 

m.  thj  mesothorax.  px,  pharynx 

met,  th,  metathdrax. 

m,  tr,  metatarsus.  ^^»  rectum. 

mx,  maxilla-  ^^-  ^^  ^^^^'^^  ^^^"^^«- 

mx.  p,  maxillary  palpi.  ^  ^^^  ^^p^l^  ^^  gi^^^.^^. 

,        ,      ^     ,.  ,  8/m,,  stomach, 

na,  node  of  petiole.  ,    '     . 

,         -  8tr,  striffi. 

nA:,  neck.  ' 

su,  sucker. 

oc/>,  occiput.  <i6,  tibia. 

^»  ^^^*^^-  /o,  tongue. 

®,  oesophagus.  ^^^  ^^^3^^g 

p.  ms,  pharyngeal  muscle.  F,  ventral. 

EXPLANATION  OF  PLATES.^ 

Plate  I. 

Fig.  2.  View  of  my  camp  in  the  Garden  of  the  gods,  showing 
the  site  of  some  of  the  nests  of  the  honey  ants  studied.  The 
view  is  taken  from  the  rocks  at  the  junction  of  Adams  and  Yon 
Hagen  ridges  (see  Fig.  1,  p.  19),  and  looks  towards  the  south,  and 
the  eastern  face  of  Pike's  Peak.  One  of  the  nests  is  shown  in 
the  foreground,  and  the  sites  of  others  are  Indicated  by  the  white 
circles  on  the  tops  of  the  ridges.  My  tent  and  booth  are  seen 
near  the  centre  of  the  sketch,  and  just  opposite,  on  the  right,  is 
the  oak  copse  in  which  the  ants  were  discovered  feeding  on  the 
exudations  of  galls.     Page  19. 

Plate  II. 

Fig.  3.  Elevated  gravel  cone  of  a  honej'-ant  nest ;  the  gravel  is 
of  red  sandstone,  and  the  rocks  around  are  bits  of  quartz  of  several 
colors,  giving  a  pretty  effect.  This  nest  is  the  largest  seen, 
and  measures  three  and  One-half  inches  high  and  thirty-two  inches 
around  the  base.     Page  21 

"  Mr.  Joseph  Jeanes,  a  member  of  the  Academy  of  Natural  Sciences 
of  Philadelphia^  contributed  the  money  required  for  the  illustration  of 
this  paper,  and  thus  has  greatly  added  to  whatever  value  it  may  possesa. 
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Fig.  4.  A  nest  ])uilt  parti}'  around  a  tuft  of  gramma  grass,  and 
less  conical  in  shape  than  the  above. 

Plate  III. 

Fig.  5.  View  of  honfey-bearers  as  seen  in  natural  site,  clinging 
to  the  roof  of  a  honey-room.     About  natural  size.     Page  22. 

Fig.  G.  View  of  honey-bearers  in  same  position,  drawn  from 
one  of  my  artificial  nests.  Mingled  with  them  are  seen  ordinary 
workers,  and  semi-rotunds,  or  workers  apparently  in  process  of 
transformation  into  hone^'-bearers.     About  natural  size. 

Plate  IY. 

Fig.  7.  Sprig  of  dwarf  oak,  Querciis  undulata^  with  galls  of 
Cynips  quercua-mellaria^  showing  the  beads  of  sweet  sap.  Page  25. 

Fig.    8.  The  same  galls  enlarged. 

Fig.    9.  Another  cluster  of  the  Same  galls. 

Fig,  10.  Section  of  gall  showing  the  inside  cell,  c,  and  the  exit 
hole  of  the  gall-fly,  eh.     Page  20. 

Fig.  11.  Turk's-head  gall,  showing  exiMiole,  eh. 

Fig.  12.  View  of  inside  of  a  gall,  showing  a  globular  cell,  and 
a  small  grub  domiciled  against  it.     Page  27. 

Fig.  13.  A  honey-bearer  clinging  by  her  feet  to  the  wall  of  a 
honey-room.     Page  22. 

Fig.  14.  The  crater  of  a  gate  to  an  ant's  nest,  showing  the  grav- 
eled funnel,  F,  and  the  smooth  nozzle,  N.     Page  32. 

Fig.  15.  Outline  of  the  elevation  of  a  formicary.     Page  35. 

Plate  V. 

Fig.  Ifi.  Double  section  view  of  the  interior  of  a  nest,  drawn 
from  a  point  in  the  excavation  twentj'-one  inches  below  the  sur- 
face, y  est  made  in  soft,  red  sandstone,  g^  g,  f/,  galleries  arranged 
in  stories.  R,  R,  R,  vertical  sections  through  hone^'-rooms  and 
chambers  for  nursery  purposes.  C,  D,  E,  the  floors  of  a  suite  of 
honey-rooms,  showing  their  connection  with  the  general  system. 
Page  30. 

Fig.  17.  Tlie  three  honc3'-rooms  C,  D,  E,  above  referred  to,  and 
the  indication  of  a  fourth,  F.  Length  of  C  from  a  to  6  =  5  inches  ; 
D,  from  c  to  d  =  S}^  inches ;  E,  from  e  to  h  =  i  inches.  Eleva- 
tion of  b  above  x  =  3^  inches  ;  of  b  above  e  =  G  inches.  A  little 
stairway  united  D  with  C  and  F  ;  g,g,  sl  gallery.     Page  3G. 
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Fig.  18.  Section  through  middle  of  nest,  showing  the  gate 
architecture.  G,  gate;  N,  nozzle;  A,  arm  of  the  gate  gallery 
terminating  in  the  vestibule  Y.  a,  ft,  c,  branching  galleries. 
Page  32. 

Fig.  10.  A  similar  section  of  another  nest.  Letters  as  above; 
E,  a  small  room,  with  gallery/,  leading  downward. 

Fig.  20.  Similar  section  of  another  nest.  The  main  gallery 
branches  to  the  right,  and  passes  behind  the  gate,  6, 6, 6,  into  room 
A.  E,  C,  small  bays  or  rooms;  D,  D,  ee,  curved  and  branched 
gallery  on  the  same  plane,  with  openings  downward  (/,  g^  g. 
Page  33. 

Fig.  21.  A  honey-room,  IIR ;  g;  gallery  leading  into  the  gate 
gallery,  G ;  U7,  unbroken  part  of  same ;  B,  small  bay-room. 
Page  34. 

Fig.  22.  Termination  of  excavated  nest,  6  feet  10  inches  from 
gate,  2  feet  5  inches  below  surface.  (7  7,  gallery  entrance;  C, 
Queen-room,  4  inches  diameter.  E,  Small  bay-room,  apparently 
beginning  of  a  chamber ;  t  g,  terminal  gallery,  running  upwards 
as  though  the  ants  were  in  process  of  excavating  a  room  resem- 
bling C.     Page  36. 

Fig.  23.  Sloping  section  through  middle  of  nest,  showing  rela- 
tion of  gate  to  the  upper  series  of  galleries  and  rooms.  A,  B, 
honey-rooms;  a:,  y,  2,  main  galleries;  1,  2,  3,  side  openings. 
Page  33. 

Fig.  24.  A  honey-bearer  regurgitating  honey  from  her  crop  at 
the  solicitation  of  hungry  workers.     Page  46. 

Fig.  25.  Sentinels  on  guard  at  the  gate.     Page  20. 

Plate  YI. 

Fig.  26.  A  queen  dragged  home  by  a  worker.     Page  38. 

Fig.  27.  A  hone3'-bearer  dragged  and  pushed  by  a  worker-major 
and  dwarf  from  a  broken  room  into  a  gallery.     Page  39. 

Fig.  28.  A  honey-bearer  under  a  "  landslide,"  one  worker  look- 
ing on,  curious  but  inactive,  another  on  the  clod  at  her  toilet. 
Page  41. 

Fig.  29.  Queen  surrounded  by  her  "  court  "  or  body-guard  of 
attendant  workers.     Page  38. 

Fig.  30.  Workers  carrying  a  pebble  up  the  mound. 

Fig.  31.  Honey-bearer  partly  buried  alive  under  pellets  brought 
up  by  mining  workers.     Page  40. 
6 
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Fig.  32.  Honey-bearer  fallen  from  her  perch,  being  cleansed  by 
a  worker,  who  reaches  down  from  the  wall.     Page  40, 

Fig.  33.  Honey-bearer  with  (apparently)  morbid  abdomen. 
Page  68. 

Fig.  34.  Worker  nurses  feeding  and  cleansing  larvae.     Page  43. 

Fig.  35.  View  of  vertical  section  of  a  nest,  showing  galleries 
arranged  in  stories.  See  PI.  V,  IBg.  16.  G,  location  of  gate  ;  a — t^ 
e — I,  k — I J  galleries ;  R,  R,  sections  of  honey-rooms.  Page  36,  and 
foot-note. 

Fig.  36.  A  worker  dragging  a  honey-bearer  up  a  perpendicular 
surface  into  a  gallery.     Page  39. 

Plate  YII. 

Fig.  37.  View  of  the  under  side  of  the  head  of  Myrmecocystus 
hortus-deorum,  showing  the  mouth  organs.     X  20,  Page  20. 

The  letter-references  in  this  and  subsequent  anatomical  figures 
are  uniform  throughout.  The  Key  to  References,  therefore  (p. 
70),  will  apply  to  all  figures. 

Fig.  38.  Face  sculpture  of  same.     X  20,  Page  20. 

Fig.  39,  Side  view  of  head  of  worker  to  show  parasitic  mites 
clinging  thereto.     The  mites  are  about  natural  size.     Page  63. 

Fig.  40    Dorsal  view  of  mites  greatly  enlarged. 

Fig.  41.  Ventral  view  of  same. 

Fig.  42.  One  of  the  suckers,  su,  contracted. 

Figs.  43  and  44,  the  same  further  drawn  out. 

Fig.  45.  Muscles  of  the  honey  crop,  showing  their  netted  and 
branched  character.     X  30,  Page  54. 

Fig.  46.  The  same,  from  margin  of  the  crop.  C  ms^  crop 
muscles ;  L  ms,  branched  muscles. 

Fig.  47.  Third  leg  of  if.  AoHus-^eorMm,  worker-minor.  X  10. 

Fig.  48.  Section  of  segmental  plate  of  abdomen  of  honey  ant, 
showing  hexagonal  cells  of  epithelium,  and  a  bristle-like  hair,  or 
seta,  arising  therefrom. 

Fig.  49.  Profile  view  of  segmental  plates  of  Camponotus  inflatus^ 
showing  the  overlapping  of  the  same,  and  the  imbricated  epithelial 
cells,  forming  a  rachet-like  structure  which  suggests  the  possibility 
of  a  sound-producing  organism,  e.  ah,  pi,  exterior  abdominal  plate ; 
I,  ab,  pi  J  interior  ditto.     Page  61. 

Fig.  50.  Profile  view  of  abdominal  plate  of  M.  hortus-deorum^ 
to  show  the  same. 
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• 

Fig.  51.  After  Lubbock.  Section  through  the  head  of  Lasius 
niger^  to  show  site  of  buccal  sac,  be,  s,  the  pharynx,  px,  and  its 
muscles,  p,  ma.    X  36,  Page  52. 

Fig.  52.  View  of  the  oesophagus  of  a  worker  of  31.  hortus- 
deorum.  One  side  of  the  thorax  and  petiole  are  cut  away  in  order 
to  show  the  oesophagus  in  site.     X  18,  Page  53. 

Fig.  53.  Abdomem  of  honey  ant,  showing  the  segmental  plates 
both  dorsal  (D)  and  ventral  (V)  in  normal  condition  of  the  crop. 
X  16,  Page  53. 

Fig.  54.  Same,  when  separated  by  partly  expanded  crop. 
Page  53. 

Plate  YIII. 

Fig.  55.  Entire  crop  with  gizzard  and  stomach.  Dissected 
from  a  honey-bearer  with  morbid  alKlomen.     X  14,  Page  53.. 

Fig.  56.  Crop,  gizzard,  stomach,  malpighian  tubes  and  intestine. 
From  honey-bearer.     X  14,  Page  54. 

Fig.  57.  Enlarged  view  of  gizzard.     X  50,  Page  55. 

Fig.  58.  After  Forel.  Topographic,  somewhat  diagrammatic 
representation  of  the  organs  opening  into  the  cloaca  of  Bothrio- 
myrmex  Tneridionalis  ^ ,  enlarged  18  times. 

4,  5  and  6,  optical  section  of  the  tergal  chitinous  pieces  of  what 
are  really  the  4th,  5th  and  6th  abdominal  segments  (nodes  of  the 
petiolus  reckoned  as  one  segment).  Opposite  and  beneath  there 
are  shown  the  sterna  of  the  corresponding  segments.  Jo,  dorsal 
vessel;  an.  v,  right  anal  vesicle;  an.  gl^  right  anal  gland;  Can, 
intestinal  canal  (intestine  and  rectum) ;  po.  Vy  poison  vesicle  with 
gland ;  ac.  gl^  accessory  gland  of  the  poison  apparatus ;  Or,  rudi- 
mentary ovaries  with  vagina;  ah,  g,  the  last  three  abdominal 
ganglia  of  the  ventral  cord  with  their  commissures. 

Between  6  and  the  corresponding  sternal  plate  (6'),  lies  a  cleft 
(shown  wide  open  in  the  figure)  which  leads  into  the  cavity  of  the 
cloaca.  In  this  cavity  one  finds,  reckoning  downwards  from  6 
to  6': 

1.  0,  the  common  opening  of  the  anal  vesicles.  2.  an,  anus 
(opening  of  rectum).  3.  r.  «^,  rudimentary  sting,  into  which  the 
poison  vesicle  opens,  and  then  lower  down,  the  accessory  gland  of 
the  poison  apparatus.  4.  o.  «a,  opening  of  the  rudimentary  female 
sexual  apparatus. 

Fig.  59.  Crop  in  normal  condition,  from  a  virgin  queen.  The 
junction,  Jn,  of  the  abdomen  with  the  petiole  is  bent  over,  showing 
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a  l>art  of  the  u?sophagus  as  drawn  from  the  i)etiole.  The  eon  tin- 
nation  of  the  same,  o\  c,  within  the  abdonien  is  shown ;  also  the 
relation  of  gizzard  to  both  crop  and  stomach.     X  14,  Page  53. 

Fig.  CO.  View  of  the  intestine  from  the  posterior  pole  of  the 
alxlonien  to  the  anus.     X  35,  Page  56. 

Plate  IX. 

Fig.  61.  Synthetic  figure  exhibiting  the  entire  course  of  the 
alimentary  canal,  from  mouth  to  anus.     Page  56. 

Figs.  62-70  compose  a  series  illustrating  the  progresjiive  disten- 
sion of  the  crop  from  the  normal  condition  to  tliat  of  the  honey- 
l»earer.     Page  56. 

The  series  begins  with  Figs.  63  and  66,  where  the  crop  is  normal ; 
in  fig.  66  the  crop  has  shrunken  after  distension. 

Fig.  64.  Worker  crop,  half  filling  alxlomen. 

Figs.  62,  65.  Workers-major,  or  semi-rotunds,  with  distension 
of  cro})  still  further  advanced. 

Fig.  67.  Alxlomen  of  a  worker-minor,  showing  same  process  ot 
distension. 

Fig.  68.  Abdomen  of  a  honey-bearer,  opened  at«the  slit,  «.  to 
puncture  the  crop  and  exhibit  by  its  shrinking  awa}*  the  fact  that 
the  crop  fills  the  cavity  of  the  abdomen.     Page  57, 

Fig.  60.  Full  crop  of  honey -l)earer,  with  the  lower  part  of  the 
alimentary  canal  shown  through  the  abdominal  wall  against  which 
it  is  pressed,  and  evidently  in  healthy  condition.     Page  57. 

Fig.  70.  Abdomen  of  honey-l^earer,  the  full  crop  pressing  the 
gizzard,  stomach,  etc.,  into  the  cloacal  cavity.     Page  57-8. 

Fig.  71.  Abdomen  of  the  Australian  carj^enter-ant,  Camponotus 
inilatus.  .exhibitinor  the  characteristic  distension  of  3/.  hortus- 
(feorum.  Drawn  from  an  alcoholic  specimen.  The  figure  is 
somewhat  flattened  b^-  pressure ;  other  alulomens  in  my  possession 
are  quite  spherical.  The  gizzard,  stomach  (ruptured  and  stretched) 
and  intestine  are  shown  in  the  same  relative  iK)sition  as  in  the 
honey  ant.     Page  58. 

Plate  X. 

Fia:.  72.  Side  view  of  honev-bearer,  JLT.  hortus-deorum.     X  3. 
Fig.  73.  Dorsal  view  of  same.     X  3,  Page  69. 
Fig.  74.  Honej'-Jjcarcr  of   Camponotus  injiatus,  dorsal   view 
X  3,  Page  59. 
Figs.  75,  76.  Male  of  If,  hortus-deorum.    X  5. 
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Figs.  77,  78.  Winged  fcMiiale,  or  virgin  queen  of  the  same.    \'  3. 

Fig.  70.  Worker-minor  of  M,  horftts-ilcorum.  X  5.  The  workei*:^- 
major  and  minor  or  dwarf  are  exactly  similar  in  form,  only  longer 
in  the  proportions  given  in  the  description.     Page  G9. 

Figs.  80,  81.  Node  or  scale  of  the  petiole  queen  of  honey  ant, 
side  and  front  views.     X  10. 

Fig.  82.  In  part,  after  Swinton ;  to  show  the  stria?,  s/r,  suj^posed 
stidulating  organs,  upon  the  junction  of  the  abdomen  and  socond 
node,.  2.  w<7,  and  also  on  junction  of  second  node  with  the  iiVi>t 
(1.  W(f,)  of  Mijrmica  ruginodis. 
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March  1, 

The  President,  Dr.  Rusciienberoer,  in  the  chair. 
Eigliteen  persons  present. 

March  8. 

The  President,  Dr.  Ruschenberoer,  in  the  chair. 
Fifty-eight  persons  present. 

A  paper  entitled  "  On  the  Structure,  Affinities  and  SjMJcies  of 
Scol«)j)ondrella,-'  by  J.  A.  Ryder,  was  presented  for  publication. 

Prof.  Angelo  Heilprin  delivered  the  introductory  to  his  course 
of  lectures  on  Invertebrate  Paleontolog}'. 


March  15. 

The  President,  Dr.  Rusc^henberger,  in  the  chair. 

Prof.  Henry  Carvill  Ijcwis  delivered   the  introductor}'  lo  his 
course  of  lectures  on  Minenilogy. 

TIr*  following  was  ordered  to  be  printed  : —  « 
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'^  Mouth  parts  arranged  for  biting,  Labrnm  forming  the  ante- 
rior portion  of  the  epioraniuni,  and  divided  into  two  rounded 
extremities  anteriorly  by  a  mesial  emargination,  both  halves  ter- 
minated ])y  three  pairs  of  teeth  directed  towards  each  other. 
Mandibles  beneath  labrum,  somewhat  exserted,  one  jointed,  elon- 
gate, curved  inwards,  the  outer  side  finely  puljescent,  the  apex 
armed  with  four  large  and  five  small,  hard,  brown  teeth.  Maxillse 
two-jointed,  basal  joint  cylindrical,  curving  slightly  inwards,  sur- 
mounted by  two  apical  pieces,  the  outer,  longest  and  most  slender 
piece  may  be  regarded  as  representing  a  palpus,  while  the  inner 
one,  which  is  shorter,  terminating  in  a  series  of  bristles,  may  be 
regarded  as  the  second  joint  of  the  maxilla?.  The  labium  is  an 
oblong  plate  divided  in  the  middle  by  a  suture.  The  anterior 
margin  of  each  half  bears  three  conical  teeth. 

"The  body  consists  of  twenty -three  somites;  twelve  principal 
ones,  to  which  the  legs  are  attached,  and  ten  smaller  intermediate 
and  a  caudal  somite.     Each  princiiml  or  leg-bearing  somite  has  a 
quadrate  sternum  which  is  divided  in  the  middle  into  two  halves 
by  a  median  furrow  ;  the  narrower  intermediate  somites  have  an 
elongate,  undivided  sternum,  while  the  sides  are  covered  by  a 
triangular   chitinous   piece Attached   to   ever}-  leg- 
bearing  somite  except  the  first,  behind  and  alongside  of  the  inser- 
tion of  the  legs  are  a  pair  of  simple,  hairy  appendages.     The  anal 
opening  is  on  the  ventral  side  of  the  body  covered  by  a  rhomboidal 
almost  semicircular  plate,  the  lateral  extremities  of  which  extend 
somewhat  beyond  the  edges  of  the  last  dorsal  scute.     The  dorsal 
surface  is  covered  by  fifteen  scutes  which  are  slightly  imbricated. 
The  hind  margins  of  the  scutes  are  but  slightly  emarginated.    .    . 
"  Legs  in  twelve  pairs,  or  three  less  than  the  number  of  dorsal 
scutes;  no  pairs  of  legs  corresponding  to  the  fifth  and  eighth 
dorsal   and   the  caudal   scutes.     The  first  pair  of  legs  are  the 
smallest,  and  including  the  tarsal  joint,  are   four-jointed.     The 
fourth  joint  is  the  longest,  the  tarsal  the  shortest.     The  latter  is 
simply  a  little  conical  prominence  on  the  outer  face  of  which  there 

are  attached  two  hooked  claws 

"  The  conical  caudal  appendages  are  simply  an  efferent  appa- 
ratus connected  with  two  long  caecal  pouches  which  are  filled 
with  a  viscous  spinning  material.  The  efferent  duct  ends  between 
two  terminal  bristles. 

"  Besides  the  dorsal  and  sternal  scutes  there  are  pairs  of  liga- 
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mentous  bands  which  join  the  terga  and  sterna ;  in  the  hinder 
somites  these  bands  are  joined  together  dorsall}'  and  form  an 
arch.  The  anterior  ones  are  joined  medially  below  by  lateral 
processes.     They  also  exist  in  the  head. 

"  The  digestive  apparatus  consists  of  a  straight  canal  which 
extends  from  the  mouth  to  the  anus.  The  pharynx  passes  between 
the  ligamentous  bands  of  the  upper  cephalic  plates.  The  oesopha- 
gus is  provided  with  annular  folds  and  longitudinal  and  annular 
muscles  The  stomach  is  decidedly  widened  and  consists  of  an 
elongated  cylindrical  sac  and  is  covered  with  brownish  hepatic 
cells ;  these  cells  have  finely  granular  contents.  There  are  no  cilia 
on  the  inner  surface  of  the  stomach  or  alimentary-  canal.  The 
stomach  is  usually  of  a  3'ellowish  brown  color  lx?eause  of  the 
contained  food,  which  consists  of  particles  of  brown  mould  or 
humus,  which  could  not  be  taken  in  by  a  sucking  apparatus. 
The  cavity  of  the  small  intestine  is  verj'  much  more  contracted 
than  that  of  the  stomach,  and  at  its  commencement  four  vermi- 
colarly  coiled  malpighian  tubules  open  into  it. 

"  Immediately  above  the  anus  lies  the  opening  of  the  oviduct 
and  ovary,  the  latter  consisting  of  a  simple  cylindrical  canal  with 
thin  transparent  walls.  Eggs  in  different  stages  of  development 
may  usually  be  found  therein. 

"  I  did  not  see  the  male  sexual  organs,  as  all  of  the  specimens 
dissected  were  females. 

"  I  was  not  able  to  study  the  nervous  system  satisfactorily. 
From  the  head  a  simple  cord  passes  backwards,  which  has  scarcely 
noticeable  ganglionic  swellings  at  every  somite,  from  which  simple 
pairs  of  nerves  pass  to  the  legs. 

"  The  vascular  system  consists  of  a  simple  straight  canal  just 
below  the  dorsal  scutes  beginning  just  behind  the  head  and  i>assing 
backwards  to  the  caudal  appendages  where  it  divides,  each  branch 
ending  blindly  in  the  latter.  The  presence  of  valves  in  the  dorsal 
vessel,  trachea  or  tracheal  openings  was  not  revealed  by  an  amplifi- 
cation  of  450  diameters  with  a  Xobert  microscope  of  fine  quality. 

•*  The  function  of  the  ventral  and  caudal  api)endages  is  not  cer- 
tainly known.  I  have  on  several  occasions  found  specimens  of 
Maehilis  which  had  eggs  attached  to  the  caudal  styles,  and  I  have 
supposed  that  these  appendages  in  Scolopendrella  have  the  same 
use.  If  a  needle  is  brought  into  contact  with  the  tips  of  either 
of  these  appendages  at  the  opening  of  the  spinning  organ  a  long 
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thread  may  be  drawn  out.     It  is  believed  that  this  spinning  appa- 
ratus is  used  in  fixing  or  attaching  the  eggs  of  the  animal. 

^'  Tlie  pairs  of  legs  and  the  number  of  joints  in  the  antenna;  are 
variable.  I  found  but  eleven  pairs  of  legs  and  seventeen  joints 
in  a  young  animal.  The  first  pair  of  legs  was  wanting.  In  other 
specimens  with  twelve  pairs  of  feet  I  found  twent3'-five,  in  others 
thirty-two,  and  in  others  still,  forty-two  J9ints  in  the  antennae, 
the  last  seems  to  be  the  number  in  full-grown  specimens.''     .     .     . 

In  conclusion  our  author  observes  that,  "  It  will  have  been  con- 
cluded from  what  has  been  said,  that  Scolopendrella  is  distin-  ' 
guished  from  Lithobiua  as  well  as  from  Geaphilus  by  the  very 
different  manducatory  apparatus,  the  double  tarsal  claws,  the 
ventral  and  the  caudal  appendages  with  the  spinning  apparatus, 
and  that  it  docs  not  naturally  fall  into  the  same  family  with  either 
of  those  genera.  On  the  contrary  the  animal  agrees  in  its  princi- 
l)al  characters  (excepting  the  spinning  organs)  and  especially  in 
its  liabits  with  Campodea ;  is  distinguished  from  it,  however,  by 
the  greater  number  of  pairs  of  legs  and  the  dorsal  scutes.  I 
believe,  ac(;ordingly,  that  Scolopendrella  may  be  regarded  as  the 
type  of  a  genus  or  family  intermediate  between  the  six-footed 
Lcpitiniidfv  and  the  Scolopendridas,^^ 

Tlie  fore^j^oing  paragraph  shows  how  very  nearly  Menge  had 
conclndocl  thirty  years  ago  that  these  singular  animals  should  be 
separated  from  the  Myriapods  proper.  The  parallel  between  his 
conclusions  and  my  own  are  very  striking,  as  will  be  seen  from 
the  following  words  from  my  notice  already  alluded  to.  **  This 
form,  as  interpreted  above,  becomes  of  the  highest  interest  to  the 
zoologist,  and  if  the  writer  is  not  mistaken,  the  biunguiculate  legs 
and  tlioir  nearly  complete  correspondence  in  number  with  rudi- 
mentary abdominal  and  functional  thoracic  limbs  of  the  Thysa- 
nuray  especially  Machilis  and  Lepisma^  which  also  have  basal 
appendaiijes  to  the  legs,  indicate  as  much  affinity  with  insects  as 
with  myriapods,  and  may  indeed  be  looked  upon,  perhaps,  as 
representing  the  last  survival  of  the  form  from  which  insects  may 
l)e  su]>p(>«;e(l  to  liave  descended.  I  name  the  new  group  Symphyla^ 
in  relt'iiMice  to  the  singular  combination  of  myriapodous,  insectean 
and  thysanurous  characters  wliich  it  presents." 

Our  oonchisions  as  to  its  zoological  position  being  nearly  the 
same,  upon  the  details  of  the  anatomy  we  disagree.  I  stated  in 
m}'  note  m}'  interpretation  of  the  ventral  openings  on  the  third  or 
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fourth  body  segment.  (The  first  condition  occurs  in  immature 
specimens  with  less  than  twelve  pairs  of  legs,  the  last  in  adults). 
"  Genital  orifice  on  the  ventral  side  of  the  body  opening  on  the 
third  or  fourth  body-segment  in  both  sexes.  In  one  sex  the  open- 
ing is  a  simple  pore,  in  the  other  a  longitudinal  cleft,  closed  by 
means  of  an  oblong  chitinous  piece  on  either  side,  the  two  together 
occupying  a  sub-quadrate  space.  Heart  dorsal ;  tracheal  system 
represented  by  a  series  of  simple  tubular  arches,  without  a  spiral 
filament,  which  arise  from  openings  on  the  ventral  surface  of  the 
animal,  inside  the  bases  of  the  legs,  widening  and  passing  upwards 
to  and  apparently  in  close  relation  with  the  dorsal  vessel.  Intes- 
tine straight,  with  two  very  long,  tortuous  Malpighian  tubules 
opening  into  it  at  the  posterior  third  {S.  notacantha).^'* 

The  main  points  of  disagreement  are  in  regard  to  the  position 
of  the  genital  organs  and  the  supposed  tracheal  arches.  Menge 
states  that  the  oviduct  opens  posteriorly  and  above  the  anus,  and 
claims  to  have  seen  the  eggs  in  the  latter  and  the  ovary.  As  to 
this  point,  I  did  not  confirm  his  observations,  although  I  do  not 
deny  that  he  may  have  seen  real  ova.  Nor  do  I  now  affirm  posi- 
tively tliat  the  ventral  opening  seen  by  me  is  genital ;  the  only 
evidence  being  the  circumstance  that  I  found  two  kinds  in  different 
individuals.  Its  function  may  be  that  of  the  ventral  sucker  of 
Coilembola,  Menge  also  says  he  saw  no  males,  which  is  a  curious 
fact.  His  stiitement  that  the  caudal  stylets  will  adhere  to  a  sharp 
point  brought  into  contact  with  their  tips,  I  can  confirm,  and  I 
have  also  seen  a  thread  drawn  from  them  in  S,  notacantha.  He  is 
confident  that  what  I  took  for  tracheal  arches  are  simply  chitinous 
rods  or  ligaments  which  serve  to  join  the  sterna  and  the  scutes. 
He  is  mistaken,  however,  when  he  afiSrms  that  the  posterior  ones 
form  a  continuous  arch,  since  in  all  the  specimens  examined  by 
me  the  arch  was  broken  at  the  dorsal  vessel,  the  widened  ends  of 
the  opposite  halves  of  the  arches  seeming  to  lie  against  its  sides. 
The  walls  of  these  arched  tubes  showed  double  contours  under  the 
microscope,  which  proves  them  to  be  hollow. 

He  also  finds  four  Malpighian  tubules  in  S.  immaculata,  whereas 
I  find  but  two  in  S.  notacantha.  He  finds  as  few  as  seventeen 
joints  in  the  antennae  to  as  many  as  forty -two.  I  find  from  four- 
teen to  twenty-eight  in  two  species.  Newport,*  syxiaking  of  the 
s|)ecies  studied  by  Menge,  finds  the  joints  of  the  antennie  to  varj- 

»  Monograph  of  the  Class  Myriapoda,  Order  ChUopoda.  Trans.  Unn. 
Soc.  XIX,  pp.  34)M39,  1  PL     1W5. 
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from  twelve  to  twenty-eight,  and  finds  specimens  of  different  ages 
with  nine,  ton, 'eleven  and  twelve  pairs  of  legs.  This  variability 
in  the  number  of  pairs  of  legs  I  have  noticed  in  both  the  American 
forms  studied  by  myself.  Xewport  also  at  first  thought  the 
creature  was  nearly  related  to  Geophilus^  but  afterwards  placed  it 
between  Lilhohias  and  Scolopendra^  but  he  at  last  considered  it 
the  type  of  a  family,  a  conclusion  which  Gervais'  did  not  accept. 
Wood^  says  he  never  saw  any  specimens  of  the  family,  and  gives 
the  characters  assigned  by  Newport. 

The  first  species  described  was  by  Oervais  in  1839,  from  speci- 
mens found  in  the  environs  of  Paris.  This  species  was  made  the 
type  of  the  genus.  In  his  description  he  disagrees  with  Menge  in 
the  distribution  of  the  legs.  This  may  however  be  on  account  of 
the  difference  of  the  species. 

Order  SYMPHYLA. 
Amer.   Nat    XIV,   p.  375-6. 

Head,  antennae  and  mouth  parts  thysanuriform.  Trachea  as 
tubular  arches  without  spiral  filament.  Spiracles  within  the  bases 
of  the  legs.  An  orifice  on  the  ventral  side  of  the  body  oi)ening  on 
the  third  (young)  or  fourth  (adult)  body-segment ;  present  in  some 
individuals  as  a  pore,  in  others  as  a  longitudinal  cleft,  closed  by 
means  of  an  oblong  chitinous  piece  on  either  side,  the  two  together 
occupying  a  subquadrate  space.  Two  Malpighian  tubules  (four 
Menge).  Legs  five-jointed,  terminated  by  a  pair  of  claws.  Ven- 
tral appendages  at  the  bases  of  each  pair  of  legs  except  the  first. 
Caudal  stylets  containing  spinning  glands  which  open  at  their 
tips.     Ovary  lying  dorsad  of  the  rectum  (Menge). 

Family  SCOLOFENDBELLID^. 

Newp.  Transac.   Linn.   Society,  XIX,  p.  374. 

8C0L0P£lfDBELLA  Genr. 
Comptes  Rendus,  1839. 

8.  notaeantha  Gerr.    Aptdres,  IV,  301,  PI.  39,  fig.  7 ;  Aon.  Sci.  Nat.,  Zool.  II.  1844, 

p.  70.  PI.  5,  figs.  15-1 7  J  Ryder,  Am.  Nat.,  p.  375,  1880.    Hab.  France  and  ?  Pa. 

and  Md. 
8*  immaenlata  Newport.    Trans.  Linn.  Soc.  XIX,  pp.  373-374,  PI.  XL,  figs,  i,  4a, 

b,  c ;    Menge,  Neuste  Sohr.  d.  naturf.  Gesell.  Daneig,  IV,  1851,  Pis.  2,     Hab. 

England  and  Germany. 


1  Apteres.  Suite  d  Buflfon,  Walckenaer  et  Gervais,  t.  IV,  p.  301-308. 
Paris,  1847. 

2  Monogr.  North  American  Myriap.,  Trans.  Am.  Philos.  Soc.,  XHI.    New 
Series,  1869. 


1881.] 


NATURAL   SCIENCES   OF  PHILADELPHIA. 


85 


B.  amerioana  Packard.    Proc.  Boat.  Soc.  Xat.  Hist.,  XVI,  p.  Ill,  1873.     Name  ODly. 
Hab.  Salem,  Mass. 

B.  gratia  Ryder.    Am.  Nat..  XIV,  p.  375,  1880.    Name  only. 

This  species  (Figure  1.),  may  be  distin- 
guished from  S.  immnculata  by  the  presence 
of  a  pair  of  stout  hairs  which  diverge  outwards 
from  the  sides  of  the  body  at  each  segment. 
Head  wider  than  body,  not  cordate  but  sub- 
pentagonal  from  above.  A  single  pair  of  eyes 
on  the  sides  of  the  head  behind  the  antcnnie, 
not  visible  from  above.  Antennte  twcnt3^-one- 
articulate.  Length  2  to  2*5  mm.  Habitats: 
Fail-mount  Park,  Philada ;  Havre  de  Grace, 
Md. ;  Washington,  D.  C;  Franklin  Co.,  Pa. 
Under  stones,  sticks  and  in  damp  mould. 

I  dedicate  this  handsome  species  to  my 
sister. 

S.  miorocolpa  Muhr.  Zoolog.  An-    ^\v^ 
leiger,   IV,  1881,  pp.  59-61,  ^^ 

figs.  1,  2  and  4. 

Is  near  S.  notacantha^ 
but  is  said  to  have  no  ventral  appendages  at 
the  bases  of  the  legs.  I  would  remark,  how- 
ever, that  in  the  specimens  thought  to  be  tiota- 
cantha^  I  find  these  appendages  present,  but 
they  are  extremely  small  and  may  easily  be 
overlooked.  Muhr*s  paper  is  a  valuable  con- 
tribution however  to  tl^e  anatomy  of  the  mouth 
parts  of  a  form  near  the  species  first  described. 
Habitat,  Prague,  Bohemia. 

Figure  2,  representing  an  American  speci- 
men of  the  same,  or  nearly  the  same,  as  S. 
nolacantha,  has  a  very  suggestive  resemblance 
to  Japijx  in  the  shape  of  the  body;  wliether 
this  is  more  than  a  resemblance  I  forbear 
to  suggest.  No  doubt  now  remains  in  my 
mind  that  dissimilar  as  LepUma^  MachUis^ 
Lepismina^  Nicoletia,  Campodea  and  Japyx 
at  first  appear  upon  comparison  with  each  Y\^.2.-s.notacantha. 
other,   their  principal   characters    suggest   in      Enlarge d  25  umcs. 


Fig.  1.— S  gratUe. 
Enlarged  25  times. 
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the  most  forcible  manner,  an  afflliation  with  Scolopendrella. 
This  is  most  strongly  indicated  in  the  mouth  parts,  legs,  varia- 
bility in  the  number  of  antcnnal  joints  and  habits  of  life  in  all  of 
which  Scolopendrella  exhibits  the  strongest  resemblances  to  the 
Thysanura,  with  very  marked  affinities  to  the  Myriapods  as  well. 
The  position  of  the  ovary  is  that  in  Geophilmt,  hut  spinning  organs 
are  also  characteristic  of  the  male  Geophilus  and  Polydesmus ;  a 
female  specimen  of  the  latter,  while  being  kept  in  confinement, 
spun  a  web  about  its  eggs  in  a  jar  in  whic];i  I  had  confined  it.  I 
never  noticed  that  any  American  female  Geophilus  spun  webs 
about  their  nests,  though  I  have  frequently  encountered  masses 
of  their  beautiful  amethystine^^olored  eggs,  over  which  they  kept 
faithM  watch. 

Whether  the  proposed  order  Symphyla  is  suttlciently  well 
characterized  may  be  a  matter  of  doubt ;  this  can  only  be  decided 
by  a  more  elaborate  investigation  of  its  anatomy,  which  the  writer 
hopes  to  be  able  to  carry  out  at  no  distant  day. 
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Maboh  22. 
The  President,  Dr.  Rusghenberoeb,  in  the  chair. 
Twenty-six  persons  present. 
The  death  of  Jos.  A.  Gla}',  a  member,  was  announced. 


March  29. 
The  Piresident,  Dr.  Ruschenberqsr,  in  the  chair. 
Twenty  persons  present. 

April  5. 

The  President,  Dr.  Rusghenberoer,  in  the  chair. 

Thirteen  persons  present. 

The  deaths  of  John  Gould,  of  London,  a  correspondent,  and  of 
Thos.  W.  Starr,  a  member,  were  announced. 


April  12, 
The  President,  Dr.  Ruschenberoer,  in  the  chair. 
Twenty-four  persons  present. 

The  death  of  Col.  T.  M.  Br3'an,  of  Vincenttown,  N.  J.,  a  cor- 
respondent, was  announced. 

April  19. 

The  President,  Dr.  Ruschenberoer,  in  the  chair. 
Twenty  persons  present. 

A  paper  entitled  "  Observations  on  Planorbis,"  by  R.  E.  C. 
Stearns,  was  presented  for  publication. 

On  the  Variations  of  Acmsea  pelta^  Escholtz. — Mr.  Tryon  read 
a  portion  of  a  letter  from  Mr.  Henry  Hemphill,  of  Oakland,  Cali- 
fornia, referring  to  certain  specimens  of  Acmsea^  collected  by  him, 
and  presented  to  the  Academy  this  evening. 

"  I  will  now  call  your  attention  to  Xos.  457, 458,  459  and  460.  I 
have  made  two  trips  to  Monterey,  Cal.,  this  winter.     During  my 
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first  visit  I  collected  a  few  specimens  of  Acmaea  pelta  and  its  vars,, 
and  when  I  returned  home  and  began  to  clean  the  si)ecimens  I  was 
very  much  ])uzzled  over  some  specimens  of  No.  458.  Several 
years  a^o  I  li:id  collected  shells  of  No.  459  at  Monterey,  which  at 
that  time  I  called  NaceUa  insfabilis,  but  these  half  and  half  varie- 
ties did  not  appear  at  that  time.  After  a  little  reflection  on  the 
matter,  I  l)egan  to  suspect  the  true  condition  of  the  subject  and 
became  so  much  interested  in  it,  that  I  concluded  to  go  to  Mon- 
terey again  and  try  to  work  it  up,  and  I  think  I  have  done  so.  It 
is  simply  a  question  of  station. 

''  When  the  young  of  A,  pelf  a  stations  itself  on  the  kelp  {PhyU 
hsjyftra  Mt'tiziesii^  Ag. ),  it  assumes  the  aspect  of  NaceUa^  and  as 
long  as  it  remains  on  the  kelp  it  does  not  change  i^s  color  in  the 
least,  and  onh^  varies  its  form  to  suit  the  shape  of  the  stems  of 
the  kelp  to  which  it  attaches  itself.  But  when  from  any  cause  it 
leaves  the  kelp  and  takes  to  the  rocks,  it  seems  to  begin  imme- 
diately to  paint  up  and  ornament  itself  after  the  fashion  of  the 
specimens  J  have  sent  you. 

"When  it  remains  on  the  kelp  a  longtime  and  completes  its 
growth,  we  then  have  NaceUa  in.stabilis,  and  if  living  in  an  exposed 
position  its  apex  becomes  worn,  the  sculpture  faint,  etc.  When 
the  young  stjition  themselves  on  the  rocks  they  do  not  assume  the 
NaceUa  aspect  at  all,  but  commence  immediately  to  adorn  them- 
selves in  gay  and  beautiful  colors  as  you  will  see  by  the  line  series 
of  No.  45T.  Now  for  the  facts  and  reasons  why  I  came  to  this 
conclusion.  I  collected  about  200  living  specimens  on  the  kelp 
in  all  stages  of  growth,  and  out  of  the  200  I  found  but  two  speci- 
mens that  varied  their  color  at  all;  one  was  a  very  young  and 
small  spociraen,  with  a  few  light  dots  on  or  near  the  apex,  and  the 
other  was  a  large  specimen  with  a  tesselated  border  on  the  inside. 
I  also  colK'cted  about  200  on  the  rocks,  and  every  one  was  more 
or  less  variegated  with  either  the  square  dots  or  alternate  rays  of 
wiiite  and  black,  while  those  that  had  evidently  been  on  the  kelp 
had  Iheir  tesselated  borders  well  advanced.  We  must  also  take 
into  consideration  the  fact  that  Monterev  is  the  most  southern 
point  at  which  NaceUa  insfahUi.^  has  been  found,  and  it  is  quoted 
by  Da  11  as  rare  there.  The  water  of  the  bay  where  these  half  and 
half  No.  458  are  found,  and  also  others,  is  comparatively  smooth 
to  what  it  is  on  the  outside  where  the  typical  NaceUa  is  found, 
which  will  account  for  t\\e  preservation  of  the  apex  and  sculpture 
and  may  have  something  to  do  with  the  form,  and  undoubtedly  is 
the  cause  whv  it  is  rare  at  Monterev. 

"  To  show  the  effect  of  station,  with  probably  other  causes,  I 
send  you  a  full  series  of  a  very  pretty  var.  of  A.  peUa  from  Olym- 
pia,  Puget  Sound,  W.  T.,  461  to  466  inclusive,  that  I  collected 
last  summer.     Station,  on  MylUus  edulis, 

''  This  very  pretty  var  has  almost  the  exact  form  and  looks  like 
a  huge  NaceUa  j^f^Uoides,  Dall,  and  is  a  very  interesting  addition 
to  our  limpets." 
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April  26. 
The  President,  Dr.  Ruschenberqer,  in  the  chair. 
Twenty-six  persons  present. 

A   paper  entitled  "  List  of   Fishes  collected   by  Mr.  W.  J. 
Fisher,  upon  the    coasts    of   Lower   California,   1816-77,   with 
descriptions  of  new  species,''  by  W.  X.  Lockington,  was  presented, 
for  publication. 

The  death  of  Dr.  J.  Dickinson  Logan,  a  member,  was  announced. 

Motility  in  Plants, — Mr.  Thomas  Meeiian  remarked  that  com- 
paratively little  knowledge  of  motion  had  been  gained  since  the 
time  of  Linnaeus.  The  recent  work  of  Mr.  Darwin  on  the  motions 
of  plants,  was  a  valuable  contribution  to  the  subject,  though  con- 
fined to  motion  in  roots  and  leaves.  He  thought  it  would  serve 
the  cause  of  science  to  note  that  the  presence  or  absence  of  light 
in  itself  could  not,  as  so  often  assumed,  account  for  all  the  phe- 
nomena of  motion.  He  had  made  numerous  and  careful  observa- 
tions, this  season,  on  motility  in  Draha  vema,  which  plant,  so  far 
as  he  knew,  had  not  been  observed  to  have  any  peculiarities.  The 
petals  are  usually  closed  during  the  early  season,  though  the  pedi- 
cels are  erect  in  the  daytime,  drooping  so  as  to  form  almost  a 
perfect  circle  at  night.  These  pedicels  become  erect  about  three 
hoars  after  sunrise  when  there  is  about  twelve  hours  of  sun  in  the 
day,  commencing  to  droop  at  about  two  o'clock  in  the  afternoon. 
This  diurnal  motion  in  the  pedicels  continues  some  days  after  the 
petals  have  fallen,  and  apparently  as  long  as  the  silicic  continues 
to  grow.  Later  in  the  season,  on  clear  days,  the  petals  com- 
mence to  open  earl}'  in  the  morning,  contemporaneously  with  the 
rising  of  the  pedicel ;  by  the  time  this  was  erect,  the  petals  would 
be  nearly  expanded.  The  expansion,  when  the  sun  rose  at  half- 
past  five  or  six,  would  be  complete  by  nine  A.  M.  Strange  to  say, 
no  matter  how  clearly  the  sun  might  continue  to  shine,  the  i)etals 
commence  to  close  about  noon,  and  by  about  two  P.  M,,  are  com- 
pletely closed. 

During  the  course  of  his  observations,  there  was  a  period  of 
four  days  cloudy,  and  no  attempt  at  expansion  was  made.  Tlie 
foarth  day,  however,  was  so  slightly  cloudy,  that  the  eye  could 
scarcely  look  at  the  sun  through  tlie  thin  cloudy  veil.  The  amount 
of  absolute  light  could  be  little  less  than  on  some  days  earlier  in 
the  season,  when  the  sun  was  wholly  unclouded,  but  still  there 
was  no  attempt  at  expansion  of  the  petals.  Continued  observa- 
tions seemed  to  show  that  not  mere  light,  but  clear  sunlight,  was 
necessary  to  the  opening  of  the  flower. 

One  evening  there  was  a  heavy  thunder  shower ;  the  next  day 
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was  densely  cloudy,  warm  and  moist,  but  the  flowers  of  the  Draha 
expanded  just  as  well  as  under  the  bright  sun  of  previous  days! 
These  facts  show  that  we  cannot  refer  the  opening  of  the  flowers 
either  to  light  or  sunlight  alone.  Mr.  Meehan  believed  that  plants 
not  only  behaved  differently  at  diflerent  times,  but  in  different 
countries;  and  as  no  one,  not  even  Mr.  Darwin,  seems  to  have 
noted  the  expansion  of  the  petals  of  the  Druba  in  England,  it  is 
possible  that  under  those  cloudy  skies,  the}'  do  not  expand  at  all. 
So  far  as  he  had  noted  here,  the  self-fertilized  flowers  of  the 
closed  Drabas  produced  seed  just  as  well  as  the  expanded  ones, 
which  might  possibly  be  occasionally  cross-fertilized  by  the  small 
sand  wasps,  which  visited  the  open  flowers  freely  for  pollen. 

How  habits  change  at  times,  Mr.  Meehan  ilhistrated  by  speci- 
mens of  Lamium  amplexicauie^  a  common  introduced  weed  in 
gardens.  Dr.  Bromfield,  in  his  Flora  of  the  Isle  of  Wight, 
notices  that  the  flowers  vary  in  size  during  the  season,  but  that 
the  earliest  ones  are  the  largest.  Here  it  is  reversed.  The  speci- 
mens exhibited  had  already  flowered  from  six  vertieels,  and  had 
mature  seeds  in  many,  but  the  flowers  had  never  expanded  in  any 
case.  Indeed,  very  rarely  had  the  closed  corollas  been  produced 
beyond  the  calyx.  They  were  essentially  cleistogene.  As  showing 
how  unceriaiu  were  the  laws  influencing  this  condition,  when  usu- 
ally about  the  end  of  April,  the  perfect  flowers  appeared,  some 
plants  would  have  them  a  week  or  more  before  others  alongside 
produced  an}'.  To  all  appearances,  external  influences  were  the 
same. 

As  somewhat  bearing  on  tlie  laws  of  motion,  the  angle  of  diver- 
gence in  branches  was  referred  to.  Mr.  M.  exhibited  branches  of 
Salix  caprea.  Normally  the  branches  se[)arated  from  each  other 
at  a  very  acute  angle,  but  the  fertile  araent  on  these  branches  was 
pendulous.  Under  no  external  influence,  so  far  as  we  could  tell, 
an  individual  appears  with  pendulous  branches.  This  has  been 
increased  by  grafling,  and  is  known  in  nurseries  as  the  Kilmarnock 
weeping  willow.  But  the  aments  have  retained  their  normal  con- 
dition as  regards  the  branch.  The  catkins  are  erect  on  the  pen- 
dulous branches,  while  pendulous  on  the  erect  ones.  Morpho- 
logically a  catkin  is  but  a  modified — an  arrested — branch,  but  we 
see  l)y  this  that  whatever  cause  induced  the  change  from  the 
normal  condition  of  divergence,  it  was  |)urely  local,  and  ceased  to 
exist  before  it  reached  the  arrested  branch  or  ament. 

These  facts  were  oflTered  to  show  that  in  studying  motility  in 
the  various  parts  of  plants,  it  would  be  well  to  remember  that  ex- 
ternal causes  had  but  a  limited  influence,  and  that  in  these  cases 
a  combination  of  circumstances  often  controlled  the  influences  at- 
tributed to  one.  As,  therefore,  the  facts  would  vary  with  various 
observations,— those  of  one  observer  sometimes  seeming  rather  to 
conflict  with  than  to  confirm  another, — it  was  too  soon  to  form 
any  just  conclusion  as  to  the  motive  cause.     What  was  desired 
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was  not  so  much  these  speculations,  but  an  increase  in  the  number 
of  observers,  and  a  correct  record  of  well  authenticated  facts. 

The  resignation  of  Dr.  Henry  C.  Chapman,  as  a  member  of  the 
Council  was  read  and  accepted. 
Jesse  S.  Walton  and  llarrv  Skinner  were  elected  members. 
The  following  was  ordered  to  be  published : 


i 


92  PROCEEDINGS  OF  THE  ACADEMY  OF  [1881. 


OBSERYATIOMS    ON    PLAN0BBI8. 
BY  ROBERT  E.  C.  STEARNS. 

I.  Are  the  Shells  of  Flanorbis  Dextral  or  Sinistral  f 

Incidental  to  an  investigation  into  the  relations  of  certain  fresh- 
water snails,  upon  looking  through  the  books,  I  find  that  authori- 
ties differ  on  the  point,  whether  the  shells  of  Flanorbia  are  dextral 
or  sinistral. 

While  Say,^  Swainson,*  G.  B.  Sowerby,  Jr.'  and  Reeve*  regard 
them  as  sinistral,  or  reversed,  and  properly  figure  the  shells,  in 
their  works,  in  a  sinistral  position,  and  not  "  upside  down,"  as  in 
many  of  the  books,  Macgillivray*  sa^^s  *'the  shell  is  dextral,  as 
several  observers  have  proved;  not  sinistral,  as  many  have 
alleged ;"  and  Woodward,®  H.  and  A.  Adams,^  W.  G.  Binney  *  and 
others  also  describe  it  or  refer  to  it  as  being  dextral. 

Dall  remarks  in  a  foot-note  to  his  paper  ''  On  the  Genus  Pom- 
pholyx  and  its  Allies,"*  "if  we  consider  the  shells  of  this  group 
as  dextral,  they  offer  the  peculiarity  of  having  the  genitalia  as  in 
most  sinistral  shells;  Pompholyx  presents  the  same  conditions 
and  is  certainly  dextral."  Dr.  Philip  P.  Carpenter,  referring  to 
PlanorbiSj  says,  "  it  lives  in  a  reversed  position."*** 

It  will  be  observed  from  the  above  that  eminent  writers  are 
divided,  and  that  we  have  substantial  authority  on  both  sides  of 
the  question.  * 

My  own  observations  thus  far  prove  the  shells  to  be  generally 
sinistral^^^  but  as  I  have  examined  but  comparatively  few  of  the 
whole  number  of  species,  it  ma}'  be  that  the  shells  in  some  species 
are  dextral,  and  in  other  species  sinistral. 

»  Say  ex  Binney,  L.  and  P.  W.  Shells  of  N.  A.,  Part  II,  p.  103. 
'  Treatise  on  Malacology,  p.  337. 
'  Concholoji^ical  Manual,  p.  245. 

*  Gonchologia  Systematica,  PI.  CXC. 

^  Molluscous  Animals  of  Scotland,  p.  114. 

*  Manual  of  Mollusca,  second  ed.,  p.  802. 

^  Genera  of  Recent  Mollusca,  Vol.  II,  p.  260. 
'^  Smithsonian  Miss.  Pub.  No.  143,  p.  103. 

*  Annals  of  Lyceum  of  Nat.  History  of  N.  Y.,  Vol.  IX,  March,  1870. 
^^  Lectures  on  Mollusca,  S.  I.  Report,  1860. 

1*  The  figures  of  Say's  larger  species  in  Gould's  Invertebrata  of  Mass., 
first  ed.,  are  most  excellent. 
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G.  B.  Sowerby,  Jr.,  in  comparing  Flanorbis  with  certain  Am- 
pallariie  (Marisa)^  says:  ^' It  is  further  to  be  remarked  that  the 
discoidal  Ampullarise  are  dextral  shells,  and  the  Planorbes  are 
sinistral  or  reversed ;  and  although  the  latter  are  sometimes  so  flat 
and  orbicular  that  it  is  difficult  to  know  which  is  the  spiral  side, 
it  may  nevertheless  always  be  ascertained  by  a  careful  examina- 
tion."> 

While  the  anatomy  of  Planorbits  in  its  principal  characters,  is 
presumed  to  be  sinistral,  and  indicates,  with  the  sum  of  other 
characters  (including  habitat),  a  most  intimate  relationship  to 
Fhyaaj  which  has,  as  is  well  known,  a  sinistral  shell,  yet  some  of 
the  authors  who  affirm  the  sinistral  character  of  the  soft  parts  or 
body,  say  also,  that  the  species  of  this  genus  (Planorbis),  have  a 
dextral  shell,  an  inclusive  and  broad  statement  which  applies  to 
all  of  the  species,  and  apparently  repeat  this  tradition,  or  else 
assume  that  it  is  so,  because  the  great  majority  of  gasteropodous 
mollusks  which  have  shells  at  all,  have  dextral  shells,  the  excep- 
tions being  comparatively  few. 

If  we  consider  what  are  regarded  as  apical  characters  in  forms 
about  which  there  is  no  question,  and  it  is  permitted  to  reason, 
from  analogy  in  this  connection,  it  will  be  seen  that  some  species 
of  Planorhis  have  sinistral  shells,  and  I  submit  as  examples 
sustaining  this  position,  the  larger  West  American  forms  known  as 
P.  ammon^  (fig.  1)  Gould  (+  P.  Traskii^  Lea,),  P,  trivolvis^  (fig.  2) 
Say  *  ( -f- P.  var.  occidentalism  Cp.  MSS.),  P.  tumens,  Cpr.,  P, 
subcrenatua^  (figs*  3 -3a)  Cpr.',  P.  corpulentus^  (figs*  4-4a)  Say,  and 
P.  tumidus,  Pfr.,  from  Nicaragua,  also  P.  corneas.  L.,  Britain,  as 
shown  in  authentic  specimens  received  from  an  experienced  and 

^  Conohological  Manual,  p.  245. 

'  Pacific  Coast  specimens. 

*  This  species  more  nearly  resembles  P.  corneu4,  than  does  any  other 
American  form.  Many  of  the  sm'^ller  so-called  species  (A.merican)  are 
exceedingly  close  to  the  smaller  forms  of  Barope,  and  it  is  not  anlikely  a 
careful  investigation  would  place  some  of  them  under  the  names  previously 
made  by  the  earlier  authors.  Mr.  W.  G.  Binney  writes  of  Physa  hypnorum, 
"it  is  one  of  the  species  common  to  the  three  contiaents  ;'*  aad  of  LimruBa^ 
he  say8»  **  It  seems  certain  that  the  boreal  regions  are  inhabited  by  several 
species  common  to  similar  latitudes  in  Asia  and  Europe,  such  as  L,  stag- 
ndlis  and  L.  ptUustris,^^  This  remark  will  ultimately  be  fouad  to  apply 
with  equal  truth  to  species  of  PlanorhU, 
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the  only 


trustworthy  correspond  eat  near  LoDdon.     This  latter 
largo  Kuropeun  npcciesi  I  am  familiar  with> 

Wbile  it  in  neither  proven  nor  asserted  herein,  that  all  si>ecieB 
ot  Planorbis  have  HiniBtml  shells,  neither  is  it  known  that  the 
anatomy  of  all  the  siMcies  is  sinifitral. 

The  relations  of  Plattorlna  to  Limmta  are  not  so  remote  as  to 
make  it  altogether  unwarrantable  to  look  for  a  divergence  in  that 
direction. 


The  extreme  variableness  of  Planorbig  has  undoubtedly  led  to 
the  making  of  too  many  species ;  specimens  which  are  conceded 


P.amwu 


.  Old. 


P.  nbcrenatia,  Cjir. 


P.  earpHienlia,  Sa;. 


to  be  of  the  same  s]>eciea.  fi-om  ilift'erent  thoiigh  adjacent  ponds, 
etc.,  vary  more  or  less,  and  this  is  particularly  the  case  with  West 
American  forms  wiiich  arc  in  various  degrees  affeoted  by  the 
character  of  the  water,  temperature,  etc.  While  it  is  quite  certain 
that  the  specific  names  herein  given  would  be  reduced  by  a  careful 
and  pliilosophical  comparison,  at  this  time  1  can  only  refer  to 
them  as  tliey  now  stand  in  the  iiooks ;  I  may  mention  P.  lumens 
from  near  Pctaluma  as  a  dwarfed  variety  of  P.  corpuhnlus;  varie- 
ties of  tlie  latter  are  frequently  confused  with  P.  amvion. 
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It  may  here  be  remarked  that  Maegillivray,  an  enthusiastic 
observer,  who  has  described  some  of  the  British  species  with 
great  fidelity,  lays  much  stress  on  the  shape  of  the  mouthy  com- 
paring it  with  those  of  Helix  and  Zonites,  as  conclusive  of  the 
dextral  character  of  the  shells  in  Plomorhis} 

If  analogies  in  form  of  mouth  are  worthy  of  consideration, 
though  this  point  may  not  have  much  weight  without  other  and 
corroborative  evidence,  we  have  in  this  character  a  stronger  argu- 
ment the  other  way,  b}-,  more  properly  a  comparison  between 
nearer  related  forms  like  Physa  (that  is  the  more  globose  species), 
and  most  of  the  forms  of  Plano7*his  I  have  given,  holding  the  latter 
in  a  normal  sinistral  position,  when  the  tendency  to  the  physoid 
mouth,  the  ovate  shape  and  sag  of  the  aperture  will  be  readily 
noticed. 

Frequently,  immature,  half-grown,  and  less  than  half-grown 
shells  of  rianorhis  have  been  brought  to  me  by  collectors  who 
were  quite  confident  they  had  made  new  discoveries,  and  it  is  not 
improbable  that  young  shells  as  above  have  been  described  and 
published  as  new  species  of  Phi/Ha. 

YlQ.  6. 


Fxo.  &. 


Fio.  7. 


Ameria  tealarii,  Jaj,   thyta  globosa^    Fhysahumerota.Qld. 

Hald. 


Fio.  8, 


FiQ.  9. 


F%yia  ancttlaria^  Say. 


Phyia  ampullacea^  Qld. 


I  would  further 
suggest  a  compari- 
son of  the  apertures 
of  our  larger  Cali- 
fornian  (adult) 
shells  of  PlanorhiSy 
held  in  a  sinistral 
position  with  Ame- 
ria  scalaris  (fig.  5)^ 
(=  Paludina  sea- 
ZarzSjJa}'),  a  curious 
Florida  form ;  Phy- 
sella  (jlobosa  (fig.  6), 
Hald.,  a  Tennessee 


^  It  is  presumable  that  the  shells  of  PlanorbiSf  by  which  IMacgillivray 
was  iuipreKsed  and  which  were  the  most  familiar  to  him,  were  the  small 
species  of  his  own  country,  which  are  flat,  symmetrically  coiled,  rej^ular  in 
form,  and  gradual  in  growth,  being  in  striking  contrast  with  the  sturdier, 
ventricose  West  American  forms  I  have  cited— which  also  more  conspic- 
uously exhibit  sinistral  characters. 

*  Dall  says  :  **  A  careful  examination  of  a  number  of  specimens  of  this 
singular  form,  shows  that  it  is  distinct,  and  not  a  young  Planorhis^  as  has 
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species;  also  with  other  species  of  Physa^  like  P.  humerosa 
(fig.  7),  P.  ancillaria  (fig.  8),  P.  ampullacea  (fig.  9',  etc.,  e/  «ic  de 
simHihuB, 

We  shay,  however,  find  more  satisfactory  testimony  on  the 
sinistral  point  by  analyzing  the  apical  characters. 

If,  as  in  other  shells,  we  consider  that  to  be  the  upper  end  or 
spire  in  which  we  can  follow  the  volutions  through  the  entire  shell 
from  tip  or  nucleus  to  the  ultimate  or  basal  whorl  and  mouth — 
then  it  is  impossible  to  avoid  the  conclusion  that  some  species  of 
Planorbia  have  sinistral  shells.  In  some  of  the  smaller  forms, 
like  P.  vortex^  P.  contortus^  P.  glaber^  P.  carinatus^  and  P.  spir- 
orbis,  all  of  which  are  British  species,  and  in  which  the  whorls 
are  (in  comparison  with  larger  American  forms)  quite  evenly 
coiled  and  in  which  also,  the  increase  in  size  of  whorl  is  quite 
gradual,  the  difference  between  the  two  sides  of  the  shell,  apical 
and  umbilical,  is  not  as  readily  i)erceived.  The  largest  British 
species,  P,  corneus^  confirms  my  view,  being  sinistral.  The  rapid 
enlargement  of  the  whorls  in  some  of  the  West  American  species 
is  in  marked  contrast  with  even  the  shells  of  P.  corneus  of  the 
same  diameter ;  the  height  of  the  latter  as  compared  to  P.  corpw- 
lentuB  being  as  '31  to  '54,  while  the  length  of  the  aperture  is  in 
still  greater  contrast,  being  as  '42  to  "76.  These  measurements 
were  made  from  average-sized  perfect  specimens  of  both  species 
placed  apex  up,  with  the  mouth  to  the  left, 

It  is  easy  to  perceive  that  in  those  forms  where  the  ratio  of 
increase  is  great  as  between  the  last  whorl  and  the  preceding  volu- 
tion and  so  on,  whorl  compared  with  whorl,  through  the  whole,  as 
for  instance  in  P.  ammon,  that  the  depression  of  both  spire  and 
umbilicus  is  most  marked ;  but  nevertheless  the  umbilicus  is  the 
more  profound  as  may  easily  be  proved  by  counting  the  volutions 
first  on  one  side,  and  then  on  the  other. 

Again,  if  additional  proof  is  wanted,  take  any  one  of  the  larger 
forms^  of  the  species  herein  named,  and  carefully,  by  degrees,  bum 
oft  the  under  side  (which  can  easily  be  done,  by  pouring  a  little 

been  suapected.— Annals  JV.  F.  Lyceum  NaU  Bisty  Vol.  IX,  p.  356;  foot- 
note. 

*  As  distorted  individuals,  with  the  volutions  exceedingly  irregular,  are 
of  frequent  occurrence,  in  making  the  test  suggested,  such  monstrosities 
should  be  rejected,  as  they  would  as  often  unduly  favor  one  side  of  the 
question  as  the  other. 
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acid  in  a  saucer  or  watch-glass),  until  the  shell  is  eaten  off  to  a 
line  which  obliterates  the  umbilicus,  when  the  nucleus  of  the  spire, 
the  tip,  and  half  a  whorl  to  a  whorl  and  a-half  will  be  found  re- 
maining. 

Those  who  insist  on  the  dextral  character  of  the  shells  in 
Planorbis,  unless  they  except  the  species  I  have  named,  are  thus 
compelled  to  demonstrate  how  in  the  sequence  of  growth"  the 
umbilicus  can  precede  the  nucleus. 

Though  specimens  of  the  forms  under  discussion,  in  various 
embryonic  stages,  have  frequently  excited  my  attention,  yet  the 
material,  so  far  as  adolescence  is  connected  with  the  present  line 
of  inquiry,  was  at  the  moment,  unfortunately,  inaccessible.  I 
have  therefore  been  compelled,  in  order  to  present  such  structural 
features  of  the  shells  as  are  related  to  the  direction  (right  or  left) 
of  the  volutions,  the  form  of  the  aperture,  etc.,  to  use  adult  speci- 
mens, and  by  breaking  back,  piece  b}'  piece,  and  whorl  after 
whorl,  towards  the  nucleus,  until  the  larger  whorls  are  sufficiently 
removed,  so  that  the  apex  or  spire  ceases  to  be  either  concave  or 
depressed,  and  is  simply  flat.  It  would  be  almost,  if  not  quite 
impK>ssible  to  do  this  with  the  smaller  species,  owing  to  their 
diminutive  size  and  exceeding  fragility,  and  difficult  to  obtain  the 
necessary  sections  for  illustration  herein,  by  the  use  of  acid. 

The  figures  (10)  are  drawn  from  8i>ecimens  of  Planorbin  corpu- 

lentus  collected  in  Oregon,  also  in  Clear  Lake, 
no.  10.  California,  by  thi;^  indefatigable  collector,  Mr. 

C.  D.  Yoy.     Before  manipulation  they  measured 
as  follows : 
/vm.  eonuuiuut^  Largest  diameter,        .        .     '94  inch. 

naclear  whorlB.  Height,  ....      *38  inch. 

Number  of  whorls,  four  and  a-half, 
which  were  broken  back  to  one  and  a-half  whorls,  with  a  diameter 
of  '10  inch. ;  height  '15  inch.  The  umbilicus  in  one  instance  was 
still  discernible — in  the  others,  destroyed.  This  species  is  widely 
distributed  and  occupies  an  extensive  geographical  area,  on  the 
western  side  of  the  continent,  from  the  Columbia  River  in  the 
north ;  easterly  to  Lake  Winnipeg ;  and  southerly  to  Cape  St. 
Lucas.^  Binney  says,  "  P.  corpulentus  is  catalogued  from  Guate- 
mala by  Mr.  Tristram," 

^  Prof.  Geo.  Davidson  collected  specimens  at  this  place. 
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P.  Traskiij  Lea,  which  Mr.  Binney  makes  a  synonym  of  F. 
ammon^  belongs  to  the  western  corpulentus  form. 

While  the  foregoing  figures  (10)  show  the  shells  of  one  species 
reduced  to  one  and  a-half  whorls,  the  following  figures  exhibit  the 
form  of  Planorhis  tumidus,  Pfr.,  which  measured  in 

Largest  diameter,        .        .        .        .    '68  inch, 
with  five  whorls,  reduced  by  breaking  down  to  two  and  a-half 
whorls  and  a  diameter  of  '16  inch. 

This  last  is  a   more  southern 

-^f  *     *  species ;  numerous  specimens  were 

I  i^  collected  by  the  late  Thos.  Bridges, 

who  found  them  abundant  in  ele- 
vated pools,  small  lakes,  etc.,  amid 
^^        '      ^ —   '      the  forest  slopes  of  Mombacho,  in 
_  Nicaragua.     It  closely  resembles 

(  ^J  more  northern  forms  and  should 

V  ^^  hardly  be  called  a  species. 

Han.  mmwut-nucioar  whori«.  j^  ^.^^  ^^  obg^rvcd  in  the  figures 

(10)  that  we  have  in  the  embryonic  shells  of  Planorhis  corpulentus 
a  near  approach  to  Physa,  a  close  resemblance  to  a  Physa  with  a 
flattened  spire ;  suggesting  such  ph^soid  forms  as  P.  humerosa, 
while  the  adolescent  stage  of  Planorhis  tumidus  (at  half  its  adult 
size)  also  suggests  an  umbilicated  Physa  with  a  flattened  spire, 
somewhat  like  (N.  W.  American)  Physa  Lordi  (fig.  12),  with  the 
F     1"  Fio  18         '    spire   cut   off,  and  an  umbilicus 

punched  in,  back  of  the  mouth. 

The  first  figures  (10)  explain 
De  Kay's  "  Physa  planorhula  " 
(fig.  13),  and  also  sujrgestiveh' 
point  towards  Ameria  scalarts. 
These  figures  also  exhibit  the  physoid  mouth,  and 
show  that  there  is  neither  necessity  nor  propriety 
yta  or  .  .^  leaving  closely  related  forms  for  more  distant 
analogies.  In  this  connection  it  should  also  be  kept  in  mind  that 
certain  species  of  Physa^  included  in  Ehrenberg's  subgenus 
Isidora^  arc  more  or  less  umbilicated.  Of  the  smaller  species  of 
Planorhis  which  have  passed  under  my  examination,  I  have  seldom 
found  it  diflicult  to  determine  the  sinistral  characters  \>y  a  com- 
parison of  the  two  sides  of  the  shell. 

If  we  could  unroll  a  specimen  of,  say,  Planorhis  spirorhis^  and 
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then  straighten  it  out,  it  would  resemble,  in  minature,  an  acutely 
elongated  conical  tube,  in  a  general  wa}'  like  the  following 
figure : 

FiQ.  14. 

X 


Jd.1 


N 


of  which  N  represents  the  nucleus,  A  the  aperture  or  mouth,  and 
ML  a  median  line.  Now  it  will  readily  be  seen  that  such  a  tube, 
if  simply  wound  up,  or  made  into  a  flat  coil,  and  during  the  pro- 
cess of  winding,  kept  horizontally  and  laterally  in 
plane  with  the  central  or  median  line  which  divides 
the  tube  into  equal  parts,  would,  in  an  exceedingly 
small  shell;  make  it  somewh:it  ditficult  to  determine 
which  was  the  apical  or  the  umbilical  (that  is  the  >/ 
upper  or  under)  side  of  the  shell,  as  tlie  nucleus 
and  nuclear  whorls  in  such  a  case  would  l)e  equally 
as  perceptible  on  one  side  of  the  shell  as  on  the 
other,  and  the  concavity  or  depression  of  both 
sides  would  be  the  same,  being  equal  to  one-half 
of  the  diameter  of  the  tube  as  seen  at  X. 

The  Californian  species  to  which  I  have  re- 
ferred, instead  of  being  represented  by  an  attenu- 
ated tube  like  the  preceding  figure,  which  very 
slowly  increases  in  circumference  from  nucleus  to 
aperture,  would  if  unwound,  give  us  a  more  robust 
form,  a  more  rapidly  enlarging,  conical  tube,  like 
this  (fig.  15) : 

N  being  the  nucleus,  A  the  aperture,  and  ML 
the  median  line. 

It  will  be  seen  that  if  this  tube,  commencing  at 
N  the  nucleus,  was  evenly  coiled  upon  the  median 
line,  the  nucleus  as  in  the  first  instance,  though 
very  much  more  depressed,  owing  to  the  greater 
diameter  of  the  tube  as  seen  at  X,  could  be  equally 
well  seen  on  the  two  sides,  the  umbilical  and  apical 
depressions  being  the  same. 

When  the  line  of  coil  is  other  than  median,  and 
the  greater  portion  of  the  tube  or  shell  is  below  the 
line  of  coil,  as  is  the  case  with  the  species  I  find  to 
be  sinistral,  then  of  course  the  umbilicus  is  the  more  and  the 
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apex  the  less  depressed,  and  therefore  the  latter  is  more  easily 
discerned.  Another  point  too  impK>rtant  to  be  overlooked,  is  the 
form  of  the  tube  as  exhibited  in  a  transverse  or  cross  section ; 
whether  circular,  semilunar,  or  horizontally  or  peri)endicularly 
ovate. 

Some  of  the  larger  species  have  tubes,  which,  in  cross  section, 
are  of  the  latter  shape,  hence  the  physoid  aspect  of  the  aper- 
ture both  in  adult  and  embryonic  specimens. 

Since  the  foregoing  was  written,  the  shells  which  appear  in  the 
list  appended  hereto  as  from  Lake  Simcoe,  came  to  hand.  The 
lot  embraced  three  species  of  Planorbis.  Several  specimens  (of 
nither  small  size)  of  P.  trivolvis^  are  of  the  western  P.  corpu- 
lentus  character,  and  sinistral.  Twenty-five  specimens  of  P. 
campanulatus^  Say,  are  also  sinistral  as  described  by  that  author, 
and  three  specimens  of  P.  hicarinatus  are  dextral^  though  des- 
cribed as  sinistral  by  Say.  Of  the  smaller  American  species 
glanced  at  by  me  in  the  course  of  investigation,  I  find  P.  vermiC" 
ularis,  from  Utah  Lake,  U.  T.,  is  sometimes  dcxtral. 

From  what  is  presented  above  it  will,  I  think,  be  admitted  that 
some  species  of  Planorbes  have  shells  whose  structure  is  in  har- 
mony with  the  sinistral  characters  of  the  anatomy,  as  might 
reasonably  be  presumed,  and  it  is  not  unlikely  that  such  will 
prove  to  be  the  rule  and  not  the  exception,  when  an  extended  and 
critical  examination  of  the  whole  group  has  been  made. 

I  do  not  propose,  at  this  time,  to  inquire  into  the  origin  of  the 
related  forms  referred  to  in  this  paper ;  but  the  suggestions,  which 
have  incidentally  occurred  in,  or  grown  out  of  the  consideration  of 
the  simpler  points  discussed,  impress  me  as  inviting  investigation. 

The  following  species  of  Planorbis  from  the  localities  stated, 
have  been  especially  examined  in  connection  herewith. 

*  P.  tricolcii,  Erie  Canal.  N.  Y. 

*  "  Tinker's  Creek,  Lake  Co.,  Willoughby,  O 

*  "  Foot's  Pond,  Woodbum,  near  Cincinnati 

Ohio. 

*  *'  Lake  Winnebago,  Wisconsin. 

*  "  Wabash  River,  Posey  Co.,  Indiana. 

*  **  Covington,  Kentucky, 
f             "                                   Washoe  Lake,  Nevada. 


Note.— I  am  indebted  to  the  courtesy  of  the  Smithsonian  Institution 
Jdr  aU  of  the  figures  herein,  except  10,  11,  14  and  15,  which  are  original. 


.  *  ■ 


1881.] 


NATURAL  80IENCE8  OF  PHILADELPHIA. 


101 


t  p.  trivohm^ 

Near  Salt  Lake,  Utah  T. 

% 

Utah  Lake,  U.  T. 

•  P.  between  lentiu 
and  glabratuit 

» 

Carthage,  Ohio. 

*  P.  a^roaching 
glabratus. 

» 

Cumberland  Co.,  Tennessee. 

*  P.  approaching 
lentUM, 

1 

Cumberland  Co.,  Tennessee. 

X  P.  near  tumens, 

Tuolumne  Meadows,  Tuolumne  Co.,  Cal. 

*  P.  near  corpulenttu^ 

Indian  River,  Texas. 

«          ((           .< 

Bexar  County,  Texas. 

«          <t            <( 

Miami,  Florida. 

tt     " 

Lake  Simcoe,  Canada. 

X  p.  corptilentiu, 

Near  Portland,  Oregon. 

tt 

Lake  Simcoe,  Canada. 

t               •'          vat. 

TratkH^  Clear  Lake,  Tiake  Co.  Cal. 

II 

« 

Oregon,  Mus.  Steams. 

}  P.  var.  oetidentalit, 

»Cp. 

Russian  River,  near  Ukiah,  Cal. 

tt      ■   " 

King's  River,  Cal. 

tt         " 

Mountain  Jjake,  near  San  Francisco,  Cal. 

X                  <(                          «< 

Santa  Cms,  Cal. 

J  P.  tumen$, 

Los  Angeles,  Cal, 

H  p.  tumidu9t 

Nicaragua. 

*  P.  glabratvs, 

East  Tennessee. 

♦  P.  bicarinatOf 

Erie  Canal,  N.  Y. 

«               « 

McHenry  County,  Ills. 

t 

Portland,  Oregon. 

It 

Lake  Simcoe,  Canada. 

♦  P.  ZewfttJ, 

Clear  Lakes  of  Indian  River,  Florida. 

♦  P.  e/impant<{aft/«, 

Orono,  Maine. 

»                (1 

Henry  County,  Ills, 

1  P.  ammofiy 

Salinas  River,  Cal. 

T  P.  corFi««, 

Great  Britain,  many  localities. 

The  note  marks  above  refer  to  the  following  parties  from  whom 
the  material  examined  was  received:  *  Prof.  A.  G.  Wetherby; 
t  C.  D.  Toy ;  J  Henry  Hemphill ;  ft  -^-  W.  Crawford ;  §  Dr. 
Edward  Palmer ;  J  J  the  late  Thomas  Bridges ;  ||  0,  Button  ;  ^  the 
late  W.  W.  Walpole,  Esq.,  from  all  of  whom  I  have  received  most 
generous  assistance. 

As  to  the  validity  of  the  species,  or  determinations  as  above,  it 
is  not  necessary  to  discuss  the  matter  in  this  paper,  as  it  is  not 
pertinent  to  the  objective  point,  but  as  may  naturally  be  supposed 
by  any  one  who  has  had  occasion  to  examine  into  the  literature 
relating  to  the  group,  and  to  make  a  critical  comparison  of  mate- 
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Hnl,  I  have  found  mach  that  is  unsatiafactorj',  and  it  is  not 
assGiting  too  much  to  say,  that  too  many  speciea  hare  been  made, 
and  that  a  careful  revieion  U  required  ;  and  in  this  connection, 
which  shows  the  well-known  variability  of  the  group,  I  may  men- 
tion the  examination  of  a  parcel  of  specimenB  from  a  single  "  pond 
back  of  Covington,  Kentucky,"  kindly  furnished  by  Professor 
Wetherby,  which  admits  of  a  separation  resulting  in  three  species 
and  a  remainder  which  readily  connects  all  three  ;  for  this  reason 
I  do  not  claim  that  the  determinations  as  given  are  always  con- 
sistent, though  carefully  considered;  as  before  remarked,  how- 
ever, the  point  I  have  endeavored  to  present  is  not  affected 
thereby. 

II.  On  certain  Aspects  of  Variation  in  American  Planorbes. 
In  the  course  of  the  preceding  inquiry  various  aspects  of  varia- 
tion, as  exliibited  in  the  material  under  examination  were  con- 
stantly recurring. 

Without  presuming  to  explain  snch  phenomena,  which  would 
quite  likely  beadifSoult  matter,  even  if  all  the  peculiarities  of 
environment  in  each  case,  or  of  each  lot  of  shells  examined,  were 
known,  and  without  such  data,  quite  hypothetical,  yet  a  few  notes 
and  comments  suggested  by  the  forma  referred  to,  may  be  worth 
a  passing  notice. 

The  larger  so-called  species  of  Hanorbis  may  for  convenience 

in  discussion  be  grouped  as  follows  : 

First.   Those  in  which  the  whorls  are  rounded ;  that  is  to  say 

if  the  tube  or  cone,  as  represented  in  the  pre> 

ceding  paper,  was  cut  transversely,  the  section 

would  show  a  rounded  (not  round)  outline. 

Examples — The  typical   P.  corneua,  L.,'   of 

Europe ;    F.  Guadatoupensis,  Sby. ;'  F.  sub- 

crenalng  (figs.  16,  IT),  Cpr.,'  and  F,  lumidua, 

Pfr.,'  of  Nicaragua,  a  quite  persistent  form, 

not,  however,  quita  as  rounded  as  the  others. 

Second.    Those  in  which  the   whorls   are 

either  planulate,  anguluted,  carinated  or  sub- 

rinated,  which  includes  most  of  the  larger 

'  Woodward's  Manual,  PI.  XII,  fig.  34;  Bby.'s  Manual,  PL  XIV,  flg. 
811 ;  Reeve,  Conch.  System.,  PI.  CXC,  flg.  1. 
>  Ibid,  fig.  3. 
»  Binney,  L.  and  F.  W.  Shells,  N.  A.,  Part  II,  figs.  178,  178. 
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P. 


Fio.  21. 


Fig.  22. 


North  American  species.     Examples — P.  corpulentus  (figs.  18,19), 

FIO..  18 «.<!  i«.  Fia.  20.       Say,«  p.  Traakii,  Lea.,  P.  occiden- 

talis^    Cp.,    and    P.    bicarinatus 
(fig.  20),  Say.     In  these  the  tube, 
if  cut  transversely,  would  present 
an  outline  more  or  less  angulatcd. 
Forms  like  P.  trivolois  (fig.  21), 
Say,  connect  the  two  groups ;  for 
bicaHnatM,  while    in    some    instances    this 
^*^*         species     exhibits     the     rounded 
whorls  of  the  first,  it  imperceptibly  differenti- 
ates from  the  above  to  obtuse  angulation,  and 
p.  corpuientm.  Say.        ^\^^^qq  to  the  subcarinatc  forms  of  the  second 

group, 

P.  amnion  (fig  22),  Gould,  must  be  mentioned  here,  as  it  illus- 
trates   another    aspect    of 

variation,   that  of  a  more 

rapid   enlargement   of  the 

whorls,  the  result  of  a  more 

obtuse   cone   than   in    tri- 

volvis:  this,  when  flattened 

above  or  angulated,  gives 

us  the  form  P.  Traskiiy  the 

most    striking  of   all    the 

American  Planorbes  ;  it  is 

the  extreme  or  culmination 

of  the  flattened  or  pliinu- 
lated  aspect  in  the  second  group  of  species, 
of  which  P.  cot'pulentus  is  a  well  known  form 
and  more  widely  distributed  than  the  other ; 
Dr.  Cooper's  P.  occidentalis  being  an  inter- 
mediate link  between  typical  P.  trivolois  and 
ordinary  average  specimens  of  P.  corpulentus. 
Southern  specimens  of  P.  trivolvis  seem  to 
be  nearer  the  southern  form  of  P.  lentus  than 
do  average  specimens  of  these  alleged  species  from  northern 
stations  ;  and  both  of  the  above  from  southerly  stations  approach 
more  closely  to  the  European  corneus  than  do  northern  specimens 
of  the  same  ;  the  same  may  be  said  of  the  Nicaraguan  P.  tumidus. 


p.  trivolci*^  Say. 


P.  ammon^  Old. 


*  Binney's  figures,  ibid. 
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P.  bicarinatuSj  the  cone  of  which  is  less  robust  than  that  of  P. 
ammon  or  P.  Traskii^  being  in  that  respect  nearer  to  the  typical 
trivolvis,  exhibits  the  culmination  of  the  carinated  or  keeled 
character  of  the  second  group,  and  appears  to  mark  the  limit  in 
this  direction,  having  reached  what  may  be  termed  a  permanent 
point.  Tliis  species  is  usually  quite  persistent  as  to  plane  of 
coil ;  though  in  Binuey  it  is  reported  from  a  single  station  as  far 
south  as  "Northern  Georgia" — it  seems  to  prefer  northerly 
regions. 

It  is  apparently  of  rare  occurrence  west  of  the  Rocky  Moun- 
tains. Mr.  Hemphill  informed  me  that  he  detected  two  or  three 
individuals  at  Antioch,  California,  a  station  peculiar  in  its  enviro- 
mental  characters,  being  at  a  point  where  the  Sacramento  and 
San  Joaquin  Rivers  meet  and  unite  the  drainage  waters  of  the 
two  great  valleys  of  the  same  names;  mingling  in  combined 
volume  their  fresh  water  with  the  salt  tidal-water  from  San  Fran- 
cisco Bay.  Other  forms  are  sometimes  found  at  this  point ;  they 
seem  unable  to  obtain  a  foothold  or  to  establish  a  permanent 
colony  or  settlement.  The  region  is  one  of  marshes,  which  sus- 
tain a  rank  growth  of  coarse  vegetation,  especially  what  is  known 
as  tales,  which  sift,  as  it  were,  the  waters,  and  hold  for  a  time 
forms  which,  during  the  great  floo<ls  of  excessively  wet  winters, 
are  swept  from  their  native  haunts  through  the  submersion  or 
overflow  of  the  ponds,  lakes  and  streams  of  a  vast  interior 
region. 

Thus  Mr,  Carlton^  found  a  few  juvenile  specimens  of  Carinifex 
here  in  May,  18G9,  which,  like  Mr.  Hemphill's  specimens  of 
P.  bicarinatus,  had  never  before  nor,  so  far  as  I  can  learn,  have 
never  since  been  reported  from  this  place  nor  any  point  in  the  ad- 
joining region.  In  fact,  the  only  habitat  west  of  the  Rocky  Moun- 
tains, I  believe,  from  which  this  Planorbis  is  reported  on  good 
authority,  is  Oregon  ;  I  have  specimens  from  Portland,  collected 
by  Mr.  Hemphill. 

A  frequent  aspect  of  variation  in  the  forms  falling  within  the 
first  group,  is  that  of  occasional  bulgings  or  swellings,  as  seen  in 
P.  glahratus^  Say,  and  P.  tunieriH^  Cpr.,  suggesting  periodicity  in 
growth,  or  rather  periods  of  hibernation  or  rest,  and  periods  of 
activity,  at  the  termination  of  which  a  mouth  or  expansion  of  the 

»  Proc.  Cal.  Acad.,  Vol.  IV,  p.  50. 
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aperture,  analagous  to  a  varix,  is  formed — and  this  repeated  as 
the  animal  advances  towards  maturity,  imparts  to  the  shell  its 
special  feature.  It  will  be  readily  seen  by  this,  that  any  of  these 
forms,  scattered  or  distributed  over  a  wide  region  in  northerly  or 
extremely  elevated  stations,  where  the  season  of  cold  reaches  a 
maximum,  against  which  protection  must  be  sought  by  hiberna- 
tion, might  in  some  of  their  colonies  be  subjected  to  such  condi- 
tions, and  hibernation  be  the  only  protection,  as  in  the  land  snails 
of  arid  regions,  against  seasons  of  excessive  drought,  and  in  other 
regions  against  the  cold  of  winter ;  and  bulged  or  varicose  varia- 
tion be  produced  in  a  perfectly  simple  way,  that  is,  in  harmony 
with  or  through  the  operation  of  a  general  law ;  and  this  variation 
be  perpetuated  for  some  time  in  colonies  migrating  from  such 
stations  to  a  more  genial  habitat ;  until  after  awhile,  some  of  the 
descendants  of  these  varicose  ancestors  reach  places  where  hiber- 
nation is  unnecessary  by  reason  of  a  permanency  or  mean  of  con- 
ditions— temperature,  supplj'  and  quality  of  water  being  in 
equilibrium  with  the  usual  requirements  of  these  animals — and  the 
ordinary  smooth,  evenly-grown  shells  again  prevail  through  re- 
version to  the  original  form. 

To  return  to  the  groups,  as  above,  the  Covington  Pond  speci- 
mens referred  to  in  part  first,  connect  said  groups,  being  what 
may  be  caUed  "  trivolms^  with  variations " — that  species  or 
general  form  being,  through  its  plasticity,  the  connecting  link. 

Still  another  aspect  of  variation  is  shown  in  Ingersoll's  ^  P. 
plexata,  from  St.  Mary^s  Lake,  Antelope  Park,  Colorado.  Here 
we  have  a  variation  not  unusual  in  the  various  Planorbes,  and 
not  confined  to  any  of  the  largjer  species,  that  of  irregularity  in 
winding,  as  if  through  extreme  torsion  the  coil  cockled ;  the 
whorls  twisting  off  the  line  or  plane  of  volution.  P.  plexata  is 
an  eccentrically  coiled  trivolms^  the  deviation  from  plane  of  volu- 
tion having  somewhat  of  regularity  of  occurrence,  and  not  im- 
probably owing  to  the  same  cause  as  that  to  which  I  attribute  the 
bulging  in  the  glabrcUus  form,  namely — to  recurring  seasons  of 
hibernation  and  activity,  when  the  new  growth  hardly  makes  a 
^'  good  joint "  as  a  mechanic  might  say,  with  the  edges  of  the 
previous  mouth ;  the  heavy  water  plants  at  the  bottom  of  the 
lake  described  by  Mr.  Ingersoll,  quite  likely  perform  a  part,  in 
causing  or  contributing  to  the  irregular  winding  of  the  shell  at 

*  See  Hayden's  Reports  Territorial  Burveys,  1874,  p.  402. 
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the  time  when  a  new  growth  commences — when  the  shell  which 
is  to  be  is  hardly  more  than  plastic  membrane,  not  backed  up 
with  a  stittening  of  lime,  as  it  is  after  the  fabric  is  perfected. 

In  Mountain  Lake,  near  San  Francisco,  a  few  miles  west  of 
said  city,  curiously  distorted  pond  snails  of  the  genus  Physa 
occur,  which  at  one  time,  some  years  ago,  excited  attention.  The 
season  of  their  growth  is  the  summer,  and  its  generative  warmth 
is  accompanied  with  the  trade  winds,  which  blow  across  the  lake 
with  considerable  violence  ;  the  plastic  shells  of  the  Physa*  are 
forced  against  plants,  chips  and  various  fragments,  odds  and  ends 
afloat  in  or  around  the  lake ;  and  the  outer  lip  thus  gets  dented 
and  bent,  giving  a  curious  twist  to  many  of  the  individuals.  A 
figure  (128)  illustrating  a  distorted  specimen  from  the  foregoing 
locality  is  given  by  Mr.  Binney  in  his  L.  and  F.  W.  Shells  of 
North  America.  However,  I  have  no  reason  to  believe  that  this 
deformity  is  transmitted,  as  only  a  small  proportion  of  the  multi- 
tude are  affected. 

The  specimens  on  which  Mr.  Ingersoll's  species  is  based,  were 
found  by  him,  as  stated,  in  a  snow-fed  pond  of  small  size,  between 
or  among  high  clifls.  As  before  implied,  the  vacillations  in  plane 
of  coil  may  be  owing  to  interruption  of  growth  by  recurring 
periods  of  hibernation,  the  characters  in  the  environment,  men- 
tioned by  Mr.  IngersoU,  affording  a  reasonable  solution  of  the  phe- 
nomena. Such  ponds  are  subject  to  marked  climatic  contingen- 
cies ;  and  sometimes,  or  rather  in  some  years,  their  basins  are 
nearly  or  quite  di:y — and  again,  fluctuations  of  temperature, 
according  to  the  volume  of  water,  which  is  an  important  factor, 
are  far  more  critical  in  small  ponds  than  in  lakes  or  large  bodies 
of  water,  where  the  extremes  of  temperature,  as  well  as  other 
conditions,  as  quality  of  water,  are  less  variable  or  extreme. 

These  two  aspects  of  variation,  bulging  and  irregularity  in 
coiling  are  exhibited  with  more  or  less  frequency  in  all  of  the 
larger  American  species,  and  in  a  greater  or  less  degree,  through- 
out the  entire  area  inhabited  by  Planorbis ;  occurring  oftener, 
perhaps,  among  colonies  which  inhabit  elevated  stations,  than 
with  those  living  at  altitudes  nearer  the  level  of  the  sea.  I  am 
of  the  belief,  too,  that  these  aspects  of  variation  are  less  frequent 
among  colonies  inhabiting  southerly  and  semi-tropical  regions. 

All  of  the  variations  referred  to  are,  when  present,  more  con- 
spicuous in  the  larger  forms  west  of  the  Rocky  Mountains,  for 
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the  reason  that  some  of  them  reach  a  size  very  much  in  excess  of 
the  largest  individuals  of  the  same  species,  from  points  east  of 
said  range. 

The  carinated  and  planulate  forms  seem  to  be  freer  from  the 
bulging  or  variceal  peculiarity  than  the  others. 

As  to  the  relations  of  the  various  species  to  each  other,  or  their 
interrelations,  it  is  quite  evident  that  many  of  them  have  an 
immediate  common  ancestry.  P.  trivolvis  (-h  P,  trivolvis  var. 
fallax  -f  P,  lentus)  of  the  American  species  appears  to  be  the 
dominant  stock-form,  and  may  be  regarded  as  Americanized 
comeus,  if  a  semi-political  term  may  be  used  in  a  physico- 
geographical  sense ;  its  presence  in  the  company  of  such  forms  as 
Limnasa  stagnalis,  L,  palusiris  and  others,  of  circumpolar  dis- 
tribution, indicates  a  geographical  identity  with  the  European 
species. 

While  the  Planorbes  attain  their  maximum  of  size  in  that  part 
of  North  America  west  of  the  Rocky  Mountains  and  north  of 
latitude  30°  N.,  the  number  of  supposed  species,  or  of  forms 
which  present  characters  more  or  less  distinct,  are  more  numerous 
east  of  said  range. 

There  is  apparently  no  relation  between  altitude  of  habitat  and 
size  of  shell.  The  quantity  of  West-coast  material  accessible  at 
this  moment  is  too  small  to  enable  me  to  give  a  satisfactory 
exhibit  of  measurements.  The  following  will,  however,  convey  a 
fair  idea  of  the  robust  proportions  of  the  more  conspicuous  West- 
American  forms,  the  first  and  second  being  P.  trivolvis  and  the 
third  P.  ammon, 

1.  Utah  Lake,  XJ.  T.,  elevation  4498*5  feet.  Greater  diameter 
1*41 ;  lesser,  1*04  inches.  Long,  of  aperture  '71 ;  longitudinal 
diameter  of  whorl  at  juncture  of  parietal  callus  '45  inch. 

2.  Washoe  Lake,  Nevada,  elevation  5006  feet.  Greater  diameter 
1*30  ;  lesser,  TOl  inches.  Long,  of  aperture  '60  ;  long,  of  whorl  at 
junction  of  parietal  callus  *47  inch. 

3.  Salinas  Yalley,  Cal.,  elevation  100 —  feet.  Greater  diameter 
1-24  ;  lesser,  '98  inch.  Long,  of  aperture  -90 ;  long,  diameter  of 
whorl  at  junction  of  parietal  callus  -55  inch. 

4.  Clear  Lake,  Cal.,  elevation  1323  feet.  Greater  diameter  1*05  ; 
lesser,  '74  inch.  Long,  of  aperture  '77  ;  long,  diameter  at  junction 
of  parietal  callus  *76  inch. 

This  last  (4)  is  a  typical  Traskii.    A  comparison  of  the  meas- 


108 


PR0CEEDINQ8   UF   THE    ACADEMY   OF 


[1881. 


Fio.  23. 


nrements  of  the  aperture  and  of  the  whorl  at  the  junction  of  the 
parietal  callus  in  this  and  3  (P.  ammon),  with  similar  measure- 
ments in  1  and  2  (P.  <WuoZvi«),  will  give  a  good  idea  of  the  relative 
obtuseness  of  their  cones  or  tubes,  as  well  as  of  the  inflation  or 
patulous  aspect  of  the  aperture,  and  of  its  effect  on  the  physiog- 
nomy of  the  shell.  A  typical  P,  corneus  (British  specimens)  of 
1*10  inches  greater  diameter  measures  '87  inch  lesser  diameter, 
while  the  longitude  of  aperture  is  *42,  and  longitudinal  diameter 
at  junction  of  parietal  callus  is  *30  inch. 

The  following  original  figures  from  nature,  show  the  Washoe  Lake 

form  as  above  (fig.  23);  while  fig.  24,  from 
the  same  locality,  also  illustrates  the 
distortion  resulting  by  4<^viation  from  or 
eccentricity  in  plane  of  coil. 

The  sinistral  or  dextral  inquiry  led  to 
the  disco ver}"^  that  P.  bicarincUus  is  some- 
times right  and  sometimes  left ;  this  is  an 
interesting  fact,  because  said  species  ex- 
hibits ceitain  analogies  with  other  peculiar 
and  characteristic  forms. 

The  relations  of  the  dextral  CarinifeXy 
whose  planorboid  character  led  Dr.  Lea  ^ 
p.  frivoZri*.  Original  (distorted),  to  describe  it  as  a  PlanorbiSy  are  appar- 
ently closer  to  P.  bicarinatus  than  to  any  other  species.  The 
exceeding  variability  of  Carinifex  is  seen  by  the  figures  here  given, 


p.  trivolvU.  Original. 
FiQ    t&4. 


FiQ.  26. 


Fio.  «. 


which,  however,  do  not  fully  represent 
jilT|"i         the  range  of  variation.  (Pigs.  26, 26, 27). 
Vj^^^^        In  the  light  of  our  present  knowledge 
^KHr'     it  should  perhaps  be  regarded  only  as  a 
coincidence  that  the  very  territory  from 
which  P.  bicarinatus  is  with  the   two 
exceptions  of  Hemphill's  Antioch,  and 
Portland   (Oregon)   localities,  entirely 
absent,  is  the  territory  inhabited  by 
Carinifex^  and   in   which  it  has  been 
found,  either  recent  or  fossiL   When  the 
immense  area  of  this  territory  is  con- 
sidered, the    number  of   localities    in 
speoimens.      Put  Rivw,  o5.   which  it  has  been  detected,  are  few ;  still 
caHn</to:^et06erryi,andyarieue8.  thesc  few  are  SO  related  the  One  to  the 

1  Binney's  L.  and  F.  W.  Shells  of  N.  A.,  Part  II,  p.  J4. 


W 

From 

Lea's   types. 

Klamath  and 

Canoe  Oreok 

specimens. 

Fig.  27. 


From 
Liea's    types. 
Klamath  and 
Ganoe  Greek 
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other  as  to  indicate  a  wide  and  general  distribution  within  its 
boundaries.  These  localities  are  as  follows,  commencing  at  the 
easternmost  station : 

1.  Utah  Territory ;  near  Utah  Lake,  in  Wahsatch  Mountains, 
collected  by  Dr.  Edward  Palmer.  Museum  Steams.  (Semi- 
fossil.  ) 

2.  Nevada  (Tertiaries) ;  as  Vorticifex  Tryoni^  Meek,  in  King's 
Survey. 

3.  California;  Owen's  Valley,  collected  living  by  Hemphill; 
**  The  most  southern  locality.  The  animal  undistinguishable 
externally  from  that  of  Planorbia  ammon.^^     Cooper. 

4.  California ;  Klamath  Lake  and  Canoe  Creek,  living ;  Dr.  J. 
S.  Newberry.    S.  I.  Collection. 

6.  California;  Pitt  River,  Dr.  Cooper;  living.     S.  I.  Collection. 

6.  California;  Clear  Lake,  living;  Dr.  Veatch.  S.  I.  Collec- 
tion. Cooper  makes  a  var. ?  *' minor''  of  specimens  from  this 
place. 

7.  California ;  Antioch  ;  living.  Carlton.  ''  A  few  very  young 
ones,  perhaps  a  dwarfed  southern  variety  like  those  from  Clear 
Lake." 

8.  California;  Livermore  Valley,  Alameda  County;  *Mn  the 
hills  north  of  Martin's,  near  Tassajara,"  Cooper,  fossil ;  label 
marked  "  Planorbis,  etc.,  Tertiary  ?  "  in  State  Geol.  Survey  Coll., 
Univ.  of  Cal. 

The  Utah  specimens,  though  small,  are  mature,  and  include  the 
form  rounded  above  like  Meek's  Nevada  sixjcies,  as  well  as  the 
more  flattened  and  grooved  features  of  the  Tassajara  *  specimens, 
which  approach  in  size  and  general  characters  more  closely  to 
Lea's  type,  fig.  25.  Some  of  Palmer's  Utah  specimens  are  elevated, 
and  vary  in  the  direction  of  fig.  27,  though  not  terraced  or  keeled 
as  much ;  the  lot  of  only  a  dozen  specimens,  exhibits  a  remarka- 
ble range  of  variation. 

There  are  striking  analogies  between  the  shells  of  Carinifex 
in  its  varieties,  and  the  Australasian  brackish  water  Amphibolas, 

A  new  species  has  been  made  on  one  of  the  varieties  by  Mr. 
Smith,  of  the  British  Museum,  which  he  named  C  Ponsonhii ;  * 

^  TasBi^ara  is  the  name  of  a  stream  which  is  frequently  dry  in  the  latter 
part  of  summer. 

* '  Proc.  Zool.  Soc.,  1875,  p.  536.    Also  Quar.  Jour.  Conch.,  Vol.  I,  p.  150. 
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the  specimens  were  collected  by  Lord  Walsingham,  in  California^ 
There  are  several  varieties  still  undescribed,  which  cliallenge  the 
attention  of  those  who  are  ambitious  in  this  direction. 

Carinifex  exhibits  many  of  the  variations  in  form  of  tube  or 
cone,  in  cross-section,  which  are  seen  in  Planorhis^  without  the 
bulgings  of  the  varicose  forms,  and  plus  the  elevation  of  spire 
which  is  seen  especial!}'  in  extreme  individuals  like  the  figure ; 
the  outline  of  the  mouth  is  very  much  like  that  of  P,  hicarinatus^ 
and  in  some  of  its  varieties  suggests  a  P,  bicarinatus,  with  the 
umbilicus  deepened  bj'^  pushing  up  the  spire  from  below.  With 
the  discovery  of  new  localities,  and  ample  material  both  recent 
and  fossil,  without  doubt  the  sequence  of  variation  will  be  traced, 
and  its  relation  to  meteorological,  geological  and  chemical  changes, 
within  the  area  of  its  distribution  partially  indicated. 

In  this  connection  I  would  direct  attention  to  Prof.  Hyatt-s 
interesting  letter  to  Mr.  Ingersoll,  referring  to  Steinheim  fossils, 
and  to  the  Valvatae  of  Lawlor's  Lake,  Nova  Scotia,  in  Prof. 
P.  V.  Hayden's  Report,  1874. 
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May  3. 

The  President,  Dr.  Rusohenberoer,  in  the  chair. 
Thirty-four  persons  present. 

Dr.  Geo.  A.  Koenig  was  elected  a  member  of  the  Council  to- 
fill  the  vacancy  caused  by  the  resignation  of  Dr.  Chapman. 


May  10. 
The  President,  Dr.  Ruschenberqer,  in  the  chair. 
Twenty-eight  persons  present. 

The  deaths  of  Jos.  S.  Lovering,  a  member,  and  of  Dr.  James 
Lewis,  of  Mohawk,  N.  Y.,  a  correspondent,  were  announced. 


May  17. 
Mr.  Thos.  Meehan,  Vice-President,  in  the  chair. 
Twenty-nine  persons  present. 

The  following  papers  were  presented  for  publication : 
"  Quercus  rubra  L.  var,  Texana,"  by  S.  B.  Buckley. 
"  Quercus  Durandii,"  by  S.  B.  Buckley. 
"  Rhus  cotinoides,"  by  S.  B.  Buckley. 


May  24. 

Tlie  President,  Dr.  Ruschenberqer,  in  the  chair. 
Twenty-nine  persons  present. 

A  paper  entitled  *''  Revision  of  the  Palaeocrinoidea,  Part  II, 
Family  Sphaeroidocrinidae,  including  the  subfamilies  Platycrin- 
idae,  Rhodocrinidae  and  Actinocrinidae,''  by  Charles  Wachsmuth 
and  Frank  Springer,  was  presented  for  publication. 

The  death  of  Thos.  A.  Scott,  a  member,  was  announced. 

Sexual  Characters  in  Frilillaria  atropurpurea^  Nuttall. — ^Mr. 
Thomas  Meehan  noticed  the  occurrence  of  separate  male  and 
hermaphrodite  flowers  in  Fritillaria  a^ropurpurea,  cases  of  bi* 
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sexuality  being  rare  in  truly  liliaceous  plants.  His  specimens  were 
fr.om  western  Nevada,  and  the  characters  now  noted  were  exhibited 
in  1880 ;  but  as  the  plant  had  only  been  received  a  short  time 
before,  the  absence  of  female  organs  might  be  attributed  to  weak- 
ness, but  observation  this  season  shows  it  to  be  a  normal  condition. 

The  plant  produced  four  spikes,  flowering  on  the  16th  of  May. 
The  spikes  were  15,  14,  13,  and  11  inches  high,  respectively,  and 
had  from  twelve  to  fourteen  narrow  glaucous  leaves  each,  and  all 
of  apparently  equal  strength.  The  tallest  spike  had  but  one  per- 
fect flower;  another  had  the  lowermost  i)erfect,  but  with  four 
others  above,  all  purely  staminate.  The  other  two  had  three 
flowers  each,  all  staminate.  These  staminate  flowers  had  antlers 
as  large  and  as  polleniferous  as  the  hermaphrodite  ones,  and  the 
perianth  seemed  in  every  respect  as  perfect,  the  only  difference 
being  in  the  total  absence  of  all  traces  of  a  gynoecium.  It  was 
evidently  the  normal  condition  of  the  species,  which,  by  the  way, 
seems  to  run  closely  into  Fritillaria  parm  flora. 

Mr.  Meehan  said  the  facts  were  interesting,  as  drawing  still 
closer  the  well-known  relationship  of  Melanthiacese  and  Liliacese. 
A  tendency  to  diclinism  had  hitherto  been  suppdsed  to  be  the 
special  characteristic  of  the  former  order,  although  occasionally, 
as  in  Asparagus,  there  were  indications  of  the  same  characteristics 
in  Liliaceie  also. 


May  31. 
Ther  President,  Dr.  Ruschenberqer,  in  the  chair. 
Twenty-five  members  present. 

A  paper  entitled  "  Observations  on  the  Hippopotamus,"  by 
Henry  C.  Chapman,  M.  1).,  was  presented  for  publication. 

Alexander  Biddle,  M.  D.,  W.  Norton  Whitney,  M.  D.,  and  John 
G.  Lea,  M.  D.,  were  elected  members. 

Thomas  T.  Bouv^,  of  Boston,  was  elected  a  correspondent. 

The  following  were  ordered  to  be  published  : 
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LIST   OF   THE  FISHES  COLLECTED    BT  MP.  W.  J.  FISHEB,  UFOH  THE 

COASTS  OF  LOWER    CALIFORNIA,   1876-77,  WITH 

DESCRIPTIONS  OF  NEW  SPECIES. 

BY  W.  N.  LOCKINOTON. 

In  April,  1876,  the  schooner  Harvest  Queerij  W.  J.  Fisher  in 
command,  left  San  Francisco  on  a  collecting  expedition  to  Lower 
California.  The  intention  was  to  work  down  the  western  coast, 
and  then  along  the  eastern  to  the  head  of  the  Gulf  of  California ; 
and  the  object  was  to  collect  seals,  birds,  fishes,  mollusks,  Crus- 
tacea, radiates,  etc.,  for  sale  or  exchange. 

Financially  the  expedition  proved  a  signal  failure ;  few  skins  or 
shells  of  value  were  procured,  and  most  of  the  former  were  spoiled 
before  reaching  San  Francisco ;  but  the  scientific  results  were  far 
from  insignificant.  Chiefly  in  consequence  of  the  free  use  of  the 
dredge  in  depths  under  fifteen  fathoms,  large  numbers  of  small 
Crustacea,  many  of  them  new  or  little  known,  were  procured,  also 
a  few  rare  and  three  or  four  new  mollusks,  and  some  interesting 
fishes  from  the  Gulf,  the  latter  mingled  with  the  Crustacea  and 
other  objects  dredged  at  moderate  depths. 

Besides  these  fishes,  which  will  be  described  in  the  following 
pages,  several  better  known  species  were  taken  in  considerable 
quantity  at  Magdalena  Bay,  upon  the  Pacific  coast  of  the  peninsula. 

As  these  fishes  have  already  formed  the  subject  of  two  short 
papers  in  the  Proceedings  of  the  California  Academy  of  Sciences, 
and  one  or  two  were  by  error  described  as  new,  they  will  be  in- 
cluded in  the  list  herein  given,  with  references  to  my  previous  papers. 

The  reptiles  obtained  were  catalogued  in  the  American  Natur- 
alist,  April,  1880,  p.  295.  Nothing  new  was  found  among  birds, 
and  the  only  mammals  taken  were  a  fine  female  Elephant  seal 
{Morunga  proboscidea),  killed  at  Ascencion  Island,  on  the  western 
coast  of  the  peninsula ;  several  sea-lions  (Eumetopias  atelleri) ; 
and  the  skull  of  a  species  of  Orca, 

Diodon  maeulatus  Lac.  Gulf  of  Cal. 

Tetrodon  politus  Gill.  Magdalena  Bay. 

TetrotUm  punetcUissimus  f  G anther.  Gulf  of  Cal. 

Antennariut  leopardinuB  Gnthr.  Gulf  of  Cal. 
HypUuroehUtiB  gentilis  (Grd.)  Gill.   La  Paz,  Las  Animas  Bay,  Gulf  of  Cal. 

Pholidichthys  anguilliformis  Locktn.  Gulf  of  Cal. 

Cremnobatei  aUivelis  Locktn.  Gulf  of  Cal. 
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Cltnus  philUppi  Steind.  Gulf  of  Cal. 

Apodichthys  unirittatus  Locktn.  Gulf  of  Cal. 

MicTodesmus  dipus  Gnthr.  La  Paz. 

Oohiesox  rheasodon  Rosa  Smith.  Gulf  of  Cal. 

Oillichthys  mirabilia  ('pr.  Magdalena  Bay. 

PCmelometopan  pulcher  (Ayres)  Gill.  Magdalena  Bay. 

8emico%nyphui  pulcher  Locktn.    Proc.  Cal.  Ac.  Sci.,  1876.  p.  87. 
Cynoscion  partipinnis  ( Ayros)  J.  &  G.  Magdalena  Bay. 

Menticirrus  undulatm  (Grd.)  Gill.  Magdalena  Bay. 

Oirella  nigricans  (Ayres)  Gill.  Magdalena  Bay. 

Sparus  brachysomxis  Locktn.     Proc.  U.  S.  National  Museum,  1880,  283. 

Magdalena  Bay. 
Prisfipoma  melanopterum  Cuv.  Gulf  of  Cal. 

Serranua  nebulifer  (Grd.)  Steind.  Magdalena  Bay. 

raralahroit  nebulifer  Locktn.    Fi*oc.  Cal.  Ac.  Bci.,  1876,  86. 
Serranus  clathratue  ((trd.)  Steind.  Magdalena  Bay. 

S&rranus  maculofasciatus  Steind.  Angeles  Bay,  Gulf  of  Cal. 

Serranus  giga%  (Ayres)  J.  &  G.  Magdalena  Bay. 

Centropomus  vndecimalis  Bloch.  Ascencion  Island,  I.  C. 

Centropomtcs  viridis  Locktn.     Proc.  Cal.  Ac.  Sci.,  1876,  109. 
Selene  vomer  (L.)  Liitken.  Magdalena  Bay. 

Argyreiosus  pacificus  Locktn.     Proc.  Cal.  Ac.  Sci.,  1876,  84. 
Trachynotus  carolinuB  (L.)  Gtbr.,  Cuv.  and  Val.  Magdalena  Bay. 

Tracliynotus  avatus  L.  Lao.  Magdalena  Bay. 

Trachynotus  ovatus  Locktn.     Proc.  Cal.  Ac.  Sci.,  1876,  86. 
Trachnrus  aaurus  Raf.  Magdalena  Bay. 

Sphyroeiia  argentea  Grd.  Magdalena  Bay. 

Sphyrcena  argentea  Locktn.     Proc.  Cal  Ac.  Sei.,  1876,  88. 
Atherinopsis  calif omiensis  (Grd.)  Gill.  Magdalena  Bay. 

Myxus  harengus  Giinther.  Las  Animas  Bay,  Gulf  of  Cal. 

Albula  vulpes  (L.)  Goode. 
Albula  conorhynchus  Locktn.,  loc.  cit.  83. 

Heterodontus  francisi  (Grd.)  J.  &  G.  Magdalena  Bay. 

Cestracion  francisi  Locktn.,  loc.  cit.  85. 

Mustilus  hinnnlus  (Blainville)  J.  &  G.  Magdalena  Bay. 

Mustelus  californicus  Locktn.,  1  c.  87. 

Triads  sernifasciatus  Grd.  Magdalena  Bay. 

Triads  scmifasciatu  Locktn.,  I.  c.  87. 

Sphyrna  zygo'na  (L.)  Raf.  South  of  Capo  St.  Lucas. 

Branchiostoma  lanceolatum  (Pallas)  Gray.  Angeles  Bay,  Gulf  of  Cal. 

Tetrodon  panotatiBsimas  ?  (jiinthcr. 

Cat.  Fish.  Brit.  Mus.,  VIII,  p.  302,  1870. 
b.  9,  A.  8,  P.  17,  C.  2-7,  2. 
Body  compressed,  short ;  the  dorsal  profile  from  tip  of  snout  to 
eye  slightly  concave,  thence  to  origin  of  dorsal  gently  convex, 
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tlience  descending  moderatel}',  somej^'hat  concave  from  posterior 
margin  of  dorsal  to  caudal.  Abdominal  outline  slightly  concave 
in  front  of  eye,  thence  boldly  convex  to  origin  of  anal,  thence  cor- 
responding to  dorsal  outline. 

Head  3^^  times,  greatest  depth  2^^  in  total  length,  the  greatest 
depth  above  the  centre  of  the  pectoral  base ;  greatest  breadth  (at 
gill-openings)  less  than  the  length  of  the  head,  and  3y;|:  in  total 
length.  Snout  1^,  eye  4  times  in  length  of  head,  width  of  inter- 
orbit'il  area  about  H  times  the  diameter  of  the  eye.  Depth  of 
caudal  peduncle  nearly  2|  times  in  greatest  depth. 

The  back  behind  the  head  forms  a  keel. 

Snout  truncate  at  the  tip,  concave  above  and  below,  higher  than 
wide  ;  nostrils  inconspicuous,  a  single  opening  on  each  side  on  a 
minute  papilla;  mouth  small;  eyes  round,  lateral,  entirely- in  the 
posterior  half  of  the  head,  the  upper  orbital  margins  slightly 
raised,  so  that  the  interorbital  area  is  somewhat  concave. 

Teeth  smooth,  sharp-edged,  line  of  junction  distinct. 

Gill-opening  small,  almost  perpendicular,  distant  from  the  eye 
about  an  eye-diameter. 

Dorsal  fin  arising  at  a  distance  from  the  gill-opening  equal  to 
the  length  of  the  head,  with  nine  articulated  rays,  the  first  simple, 
the  others  once  or  twice  divided.  Base  of  dorsal  less  than  one- 
third  of  the  length  of  the  snout,  height  rather  more  than  one- 
third  of  length  of  head. 

Anal  slightly  posterior  to  dorsal,  with  eight  rays,  the  first  ver- 
tical with  the  posterior  margin  of  the  dorsal;  height  and  length  of 
base  equal  to  dorsal. 

Caudal  very  slightly  convex  on  posterior  margin  when  opened 
out,  all  the  principal  rays  divided,  some  of  the  central  ones  four 
times ;  length  of  fin  about  5^  times  in  total  length. 

Pectoral  base  oblique,  its  upper  axil  near  the  upper  end  of  the 
gill-slit,  thence  backwards  and  downwards  at  an  angle  of  about 
45^.  Pectoral  fin  fan-shaped, rather  short  (the  tips  of  the  rajs  in 
the  specimen  are  slightly  injured),  the  uppermost  ray  short, 
simj)le ;  the  next  (longest)  simple ;  the  others  once  or  twice 
divided,  slightly  diminishing  in  length  downwards. 

Top  and  sides  of  head,  breast,  and  abdomen  to  anal  fin  with 
prickly  papillae,  most  numerous  upon  the  breast  and  under  side  of 
the  snout.     Rest  of  body  naked. 

Color   purple,  thickly   sown  with    subcircular   or  subelliptic 
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lighter  spots;  these  becom«  larger  upon  the  flanks,  until  the 
ground  color  fades  out,  leaving  the  abdomen^  breast,  and  under 
side  of  snout  dirty  yellow.  Spots  of  sides  and  upper  portion 
light  purplish.  Behind  the  anal  fin  the  spots  can  be  traced  all 
round  the  body.  No  color  bands  or  spots  are  now  evident  upon 
the  fins.     Specimen  in  alcohol  since  1876. 

Angeles  Bay  ;  Gulf  of  California. 

From  r.  furthii,  Steind.  (Sitz.  Akad.  Wiss.  Wien,  1876.  Icthyol. 
Beitrage,  V,  p.  22 )  this  species  may  readily  be  distinguished  by 
the  great  length  of  the  snout,  two-thirds  of  that  of  the  head,  while 
in  the  T.  furthii  it  is  only  f -j\  of  the  head.  Other  differences  are 
the  absence  of  a  skin-fold  on  the  tail,  the  inconspicuous  nasal 
papilla,  and  the  smaller  development  of  the  spinules  upon  the 
back.  The  coloration  is  also  different.  T.  furthii  has  indistinct 
transverse  bands,  and  a  dark  band  on  the  pectoral  base 

The  short  description  given  by  Dr.  Giinther  of  T.  punctatissi- 
mu8  agrees,  so  far  as  it  goes,  with  the  present  species.  His 
specimens  were  from  Panama.  Should  the  present  species  prove 
distinct,  I  propose  for  it  the  name  of  oxyrhynchus.  Length  of 
specimen,  3*06  inches. 

Antonnarias  leopardinas,  (iDthr.? 

Trans.  Zool.  Soc,  1864, 15  i. 

Fishes  Cent.  Amer.  in  Trans.  Zool.  Soc.,  Vol.  VI,  484,  PL  VII. 

This  species  was  originally  described  from  Panama. 

Two  examples  were  obtained  by  Mr.  Fisher  by  dredging  at  a 
depth  of  22  fathoms,  among  beds  of  pearl  oyster  (  Margaritophora) 
off  San  Jos^  Island,  Amortiguado  Bay,  Gulf  of  California.  The 
spots  have  in  most  cases  faded  into  light  yellow,  leaving  the 
bright  vermilion  of  all  the  rest  of  the  body  and  fins  unchanged. 
A  black  spot  persists  upon  the  ninth  ray  of  the  dorsal,  and  there 
are  traces  of  black  upon  the  sides  and  head.  The  under  side  of 
the  abdomen,  in  advance  of  the  anal,  is  light  yellowish  with  dark 
spots.  Total  length  1*95  inches ;  width  from  tip  to  tip  of  pec- 
torals 170  in. 

Cremnobatoi  altivelii,  nov.  sp. 

D.  4-26,  A.  21,  P.  13,  C.  13,  V.  2,  L.  lat.  37. 

Body  compressed,  greatest  depth  a  little  behind  pectoral  axil, 
greatest  thickness  at  gill-covers,  dorsal  and  abdominal  profiles  of 
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similar  curvature,  decreasing  regularly  to  the  caudal  fin.  Profile 
of  occiput  and  superorbital  regions  convex ;  snout  somewhat 
produced,  its  upper  outline  slightly  concave. 

Head  one-fourth  of  total  length,  greatest  depth  a  little  less  than 
length  of  head,  caudal  peduncle  about  one-fourth  of  the  greatest 
depth. 

Eye  round,  lateral,  with  a  slight  direction  upwards,  its  diameter 
less  than  the  length  of  the  snout.  Interorbital  area  nearly  equal 
in  width  to  the  diameter  of  the  eye,  concave  transversely,  upper 
orbital  borders  slightly  raised. 

A  short  nasal  tentacle  slightly  anterior  to  the  front  margin  of 
the  eye.  A  large  fimbriated  tentacle  on  each  side  of  the  first 
dorsal  ray. 

Cleft  of  mouth  oblique,  the  lower  jaw  the  longer ;  the  posterior 
convex  extremity  of  the  club-shaped  maxillary  about  vertical 
with  the  centre  of  the  pupil. 

Teeth  of  the  outer  row  regular,  sharp,  incurved,  the  largest  in 
front,  gradually  decreasing  along  the  lateral  portions  of  the  jaws, 
and  not  extending  much  past  the  middle  of  their  length.  A 
narrow  band  of  small  teeth  in  the  rear  of  the  outer  row.  Vomer- 
ine teeth. 

Branchiostegals  six.  Gill-openings  continuous,  membranes  not 
attached  to  the  isthmus. 

Distance  from  the  first  ray  of  the  dorsal  to  the  posterior  margin 
of  the  eye  equal  to  the  length  of  the  snout.  First  two  rays  of  the 
doreal  much  developed,  the  first  slightly  the  longer,  and  nearl}' 
equal  in  height  to  the  distance  of  its  base  from  the  tip  of  the 
upper  jaw ;  third  ray  about  half  the  length  of  the  first ;  fourth 
very  short ;  succeeding  rays  to  the  twenty-sixth  longer  than  the 
thinl,  the  three  last  somewhat  decreasing. 

Anal  commencing  under  the  eleventh  dorsal  ray ;  coterminous 
with,  and  equal  in  height  to  the  dorsal. 

Caudal  with  thirteen  simple  jointed  rays,  the  longest  in  the 
centre,  posterior  margin  convex. 

Pectorals  narrow,  lanceolate,  the  fifth  and  sixth  rays  longest, 
and  four-fifths  the  length  of  the  head. 

Ventrals  inserted  in  advance  of  the  pectorals. 

Lateral  line  with  thirty-seven  simple  pores,  parallel  with  dorsal 
outline  to  opposite  the  origin  of  the  anal,  where  it  is  deflected 
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almost  perpendicularly  downward  to  the  middle  of  the  side  of  the 
bod 3'-,  along  which  it  continues  to  its  termination. 

Scales  rather  large,  about  ten  in  a  transverse  row  in  the  central 
part  of  the  body,  their  posterior  margin  membranous.  No  scales 
on  fins. 

A  line  of  pores  around  the  margin  of  the  orbit,  another  along 
the  posterior  margin  of  the  pre-operculum,  connected  to  each 
other  and  to  the  lateral  line  by  a  line  from  the  centre  of  the  hinder 
border  of  the  eye. 

Color  (in  alcohol)  bright  pink  above,  becoming  dusky  below, 
under  side  of  head  light  olivaceous,  lower  lip  blackish.  Dorsal 
pink,  dusky  on  its  margin,  a  black  spot  on  the  fourth  ray,  and 
another  on  its  hinder  part  upon  the  24-26th  rays,  the  latter  spot 
extending  on  to  the  body.  Membrane  of  anal  black.  Occipital 
tentacles  black. 

Total  length  1*9  inch.  A  single  specimen  from  La  Paz,  dredged 
at  a  depth  of  22  fathoms. 

This  species  may  be  distinguished  from  C,  monophthalmus^ 
Gnthr.,  by  the  much  greater  development  of  the  first  two  dorsal 
rays ;  by  the  longer  and  concave  snout,  and  by  the  coloration  ;  and 
from  C,  marmora/w«,  Steind.  (Sitz.  Akad.  Wiss.,  Wien,  1876,  174), 
by  its  more  elongate  form,  shorter  cleft  of  mouth,  and  longer  first 
dorsal  ray.     In  C.  marmoratus  the  second  dorsal  ray  is  longest. 

Pholidiohthys  angnilliformiB  nov.  sp. 

Body  exceedingly  elongate,  much  compressed,  naked,  upper 
profile  of  head  forming  a  continuous  convex  curve  to  the  tip  of 
the  snout,  which  is  about  equal  in  length  to  the  eye, 

Head  six  and  two-fifths,  greatest  depth  sixteen  times  in  total 
length. 

Eye  lateral,  round ;  interorbital  space  about  two-thirds  of  the 
diameter  of  the  eye,  convex  transversely. 

Posterior  extremity  of  maxillary  vertical  with  the  hinder  margin 
of  the  eye.  Tip  of  snout  a  little  below  the  level  from  the  centre 
of  the  eye;  mouth  moderately  oblique,  lower  jaw  slightly  the 
longer.  Teeth  of  lower  jaw  in  a  close-set  row,  the  largest  in  front, 
diminishing  along  the  sides.  Teeth  of  upper  jaw  similar  but 
smaller.     Palate  smooth. 

Vertical  fins  continuous  but  distinct,  dorsal  entirely  spinous, 
anal  commencing  a  little  behind  the  middle  of  the  entire  length  of 
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the  fish.  Ventrals  two-rayed,  very  slightly  in  advance  of  the 
pectorals,  which  are  about  equal  in  length  to  the  distance  of  their 
base  from  the  e^^e. 

Color  (in  spirits)  dark  blajkish  brown,  mingled  with  white 
upon  top,  sides  and  lower  parts  of  head.  Interorbital  area  and 
top  of  snout  white. 

*    A  single  specimen  dredged  off  San  Jose  Island,  Amortiguado 
Bay,  Gulf  of  California.     Total  length  1-60  in.     Head  0*25  in. 

The  example  is  broken  across,  the  branchiostegals  are  defec- 
tive, the  caudal  fin  broken,  and  some  fin-rays  missing,  so  that  the 
fin  formula  cannot  be  accurately  given.  The  dorsal  fin  has  above 
sixty  rays.  The  body  is  much  more  slender  than  that  of  P, 
leucolsenia  Bleeker,  and  there  is  no  trace  of  the  longitudinal  bluish 
white  band  of  that  species. 

Apodiehthyt  nnivittatnt,  nov.  8p. 
D.  circa  95.     A.  ca.  1-40. 

Body  elongate,  much  compressed,  band-like,  preserving  almost 
the  same  depth  to  about  the  posterior  fifth  of  the  body,  thence 
tapering  more  rapidly  to  the  caudal  fin. 

Head  seven,  depth  nearly  ten  times  in  the  total  length ;  depth 
of  caudal  peduncle  about  one-half  of  that  of  body. 

Snout  obtuse,  about  two-thirds  as  long  as  the  diameter  of  the  eye, 
the  upper  profile  of  the  head  a  continuous  curve  from  snout  to  occi- 
put. Interorbital  area  highly-  convex  transversely,  about  equal  in 
width  to  half  the  diameter  of  the  eye.  Eye  entirely  lateral,  round, 
contained  entirely  in  the  anterior  half  of  the  head ;  iris  golden. 

Mouth  small,  the  posterior  extremity  of  the  maxillary  reaching 
to  the  anterior  margin  of  the  eye.     Teeth  small. 

Branchiostegals  five. 

Dorsal  fin  continuous  with  but  distinct  from  the  anal,  arising 
vertically  aSove  the  tip  of  the  operculum,  and  composed  of  spines 
onl3\  Anal  preceded  by  a  long,  sharp,  slender  spine  of  V-shaped 
transverse  section,  the  hollow  side  anterior,  the  length  of  the 
spine  equal  to  about  half  the  depth  of  the  fish.  Distance  from 
anal  spine  to  tip  of  operculum  a  little  more  than  to  tip  of  caudal. 
Caudal  with  numerous  accessor}^  rays,  so  that  its  sides  are  almost 
straight,  posterior  margin  broken  in  specimen,  all  the  rays  simple. 

General  color  (in  spirits)  light  reddish,  the  vertical  fins  rather 
bright,  and  the  top  of  the  head  reddish  brown.  Tip  of  snout 
brown.     A  silvery  band  (possibly  bluish  in  life)  from  the  tip  of 
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the  snout,  across  the  lower  part  of  the  eye,  cheeks  and  opercles, 
terminating  at  about  the  middle  of  the  length  of  the  operculnm ; 
this  band  bordered  above  by  a  narrower  brown  baud. 

A  single  specimen.     Lower  California,  probably  from  the  Gulf. 

Length  1*88  in.  Length  of  head  0*27  in.  Greatest  depth 
0'19  in.     Snout  to  anal  spine  1*10  in. 

The  peculiar  vitta  upon  each  side  of  the  head  at  once  dis- 
tinguishes this  species  from  the  two  other  described  forms. 

Mierodetmni  dipni,  (JUnfher. 

Trans.  Zool.  Soc.,  1864,  p.  26. 

A  single  specimen  of  this  rare  species  was  obtained  at  La  Paz, 
near  low-tide  level. 

Hemiramphui  nnifaioiatuf ,  Ransani. 
D.  14.     A.  16. 

With  some  hesitation  I  refer  two  specimens  taken  in  Las 
Animas  Bay,  Gulf  of  California,  to  this  species  rather  than  to 
JET.  roHse  J.  &  G.  The  proportion  of  the  jaw  to  the  length  of 
the  body,  as  well  as  the  number  of  dorsal  rays,  agree  with 
uni/asciatua. 

On  each  side  of  the  median  line  of  the  back  a  row  of  elongated 
spots  of  dark  greenish  tint,  one  on  each  scale,  forms  a  narrow 
band,  and  between  these  bands  is  a  median  series  of  dark  spots 
formed  by  thickly  aggregated  black  dots.  Between  the  narrow 
dark-green  band  and  the  lateral  band  similar  close  aggregations  of 
dark  spots  form  a  series  of  spots,  elongated  transversely.  The 
silvery  lateral  band  is  bordered  above  by  a  narrower  greenish 
stripe. 
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QUESCnS  DUBANDII.  Ducklej. 


BY  S.  B.  BUCKLEY,  PH.  D. 


I  bad  spent  several  years  in  studying  the  trees  of  the  United 
States  in  their  native  places,  when,  in  the  month  of  September, 
1859,  as  I  was  walking  from  Camden  to  Allenton,  in  Wilcox 
County,  Alabama,  I  saw  an  oak,  different  from  any  I  had  ever 
seen.  It  was  in  a  dark,  rich,  limestone  soil,  on  the  right  hand 
side  of  the  road,  about  three  miles  from  Allenton.  The  bark  of 
its  trunk  and  limbs  was  scaly;  leaves  lanceolate,  entire  or  slightly 
lobed  or  repand;  acorns  small,  ovate,  obtuse;  cup  very  shallow, 
about  one-eighth  as  long  as  the  acorn.  The  tree  was  1  foot  in 
diameter  and  about  25  feet  high,  and  the  only  one  there.  I  showed 
specimens  of  it  to  the  gentleman  with  whom  I  staid  all  night. 
He  told  me  it  was  a  rare  oak  in  that  country,  growing  near  the 
banks  of  streams  and  swamps,  that  its  wood  was  close  grained 
and  very  tough,  making  excellent  screws  for  cotton-gins,  firm  and 
durable  wagon-hubs,  etc.,  also  splints  for  making  baskets  for  the 
cotton-fi'^ld,  when  the  cotton  is  being  gathered ;  that  it  was  seldom 
more  than  3  feet  in  diameter  and  60  feet  high. 

This  oak  was  the  Quercus  Durandii^  a  new  species  which  I  de- 
scribed in  the  Proceedings  of  the  Academy  of  Natural  Sciences  in 
1861.  It  is  named  after  the  late  Elias  Durand,  who  was  for  many 
years  chairman  of  the  Committee  on  Botany  of  the  Academ3\ 

In  October,  1859, 1  saw  it  again  at  Shreveport,  in  Louisiana,  on 
the  blurts  of  the  Red  River,  in  the  upper  part  of  the  town.  There 
its  acorns  were  larger  and  longer  than  in  Alabama.  Here  there 
were  several  trees  of  it,  one  of  which  was  4  feet  2  inches  in  dia- 
meter at  3  feet  from  the  ground.  These  were  low,  spreading  trees, 
growing  in  an  open  space. 

In  Southern  Texas,  on  the  Colorado  River,  in  Fort  Bend  and 
other  counties,  it  is  a  large  tree,  often  2  to  3  feet  in  diameter  and 
60  to  70  feet  high. 

In  1874,  in  Milam  County,  Texas,  I  saw  many  large,  tall  trees 
of  this  oak  in  the  bottom  lands  of  Little  River,  a  tributary  of 
the  Brazos.  There  it  is  sometimes  called  the  "  bastard  white  oak'* 
because  the  bark  of  its  trunk  resembles  that  of  the  scaly  forms 
of  white  oak. 

Durand's  oak  grows  on  the  banks  of  Shoal  Creek,  one-half  to 
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two  miles  above  Austin,  also  near  Mount  Bond,  about  tliree  miles 
from  the  citv. 

In  1872,  Mr.  Elihu  Ilall.  of  Athens,  Illinois,  was  at  Austin  col- 
lecting plants.  I  showed  him  Durand  s  oak,  which  is  referred  to 
as  a  good  species  in  his  •'  Planta*  Texante,"  published  in  1873. 

Mr.  Charles  Mohr,  Botanist  for  the  Tenth  Census  Dei)artment  of 
Forestry  in  the  Gulf  States,  was  here,  last  November,  and  obtained 
sections  of  the  wood,  and  specimens  of  the  leaves  and  acorns  of 
Q.  Durandii  for  the  Department  of  Forestry'  under  the  direction 
of  Prof.  Chas.  S.  Sargent,  for  the  United  States  Government. 

Lastly,  Prof.  Sargent  came  here  three  weeks  ago,  and  together 
we  visited  the  banks  of  Shoal  Creek,  where  there  were  several  small 
trees  of  this  oak,  the  largest  being  nearly  two  feet  in  diameter. 
He  was  satisfied  it  was  a  good  species. 

I  have  l>een  thus  particular  in  giving  the  history  of  this  oak  to 
the  present  time,  l>ecause  all  wlio  have  seen  the  living  trees  regard 
it  as  a  good  si>ecies,  which  is  not  the  case  with  some  who  have  not. 
In  Dr.  Engelmann  s  '•  Oaks  of  the  United  States,''  published  at 
p.  392,  "  Transactions  of  St.  Louis  Academy,"  speaking  of  the 
forms  of  Quercus  undulata^  he  says:  •' The  var.  Gambelii  runs 
into  variet}'  Gunnisonii  on  one  sideband  on  the  other  into  variety 
brevilofja  (Q,  ohtusUdba  var.  brevi/olia,  Torroy,  Bot.  Bound,  and 
probably  Q.  Durandii  and  San  sabea,  Buckley)."  Dr.  E.  thus 
regards  it  as  probably  identical  with  a  marked  variety'  of  Quercus 
ujiduhtn,  an  opinion  which  a  better  acquaintance  with  living  trees 
would  surely  lead  him  to  revise.  Without  extensive  field  expe- 
rience it  is  almost  impossible  to  decide  on  the  limits  of  species  in 
oaks,  as  well  as  in  grapes  and  other  difficult  genera. 


1881.]  NATURAL  SCIENCES  OF  PHILADELPHIA.  123 


QUERCU8  BUBBA,  L.,  var.  TEXAHA. 
BY   8.    B.   BUCKLEY,  PH.  D. 

Quercus  rubra  is  distributed  over  a  larger  area  than  an}'  other 
oak  in  North  America.  According  to  Dr.  Richardson,  it  is  the 
most  northern  of  oaks ;  he  found  it  on  the  Saskatchewan  and  the 
rocks  of  Lake  Namakeen,  in  British  America.  It  is  in  Nova 
Scotia,  and  southward  through  the  United  States  to  El  Paso 
County,  in  the  northwest  part  of  Texas.  The  writer  saw  it  in 
the  coves  of  the  mountains  near  Fort  Davis,  in  the  summer  of 
1875,  at  elevations  of  from  5000  to  6000  feet  above  the  sea.  The 
differences  of  soil  and  climate  in  which  it  grows  cause  it  to  vary 
so  much  in  size,  wood,  leaves  and  acorns  that  the  two  extremes  of 
difference  considered  apart  from  intermediate  fonns,  would  make 
two  ver}'  good  species.  The  Texas  form,  growing  on  limestone 
hill3  and  coves  and  little  valleys  in  the  vicinity  of  Austin  and 
westward,  has  been  called  Q.  palustris  b}'  Torrey  and  Gra}*, 
in  the  Report  of  the  Botany  of  the  Pacific  Railroad.  Report  of 
Capt.  John  Pope,  p.  173;  also  in  other  reports  of  theirs  on  the 
Botany  of  Texas.  It  has  also  been  called  Q.  palustris  by  Dr. 
Engelmann,  when  he  named  the  plants  collected  by  Elihu  Hall  in 
Texas  in  1872.  (See  Hall's  Plantai  Texanas  p.  21,  Nos.  004  and 
605.)  Hall  obtained  specimens  of  it  here  in  June,  and  I  sent 
him  acorns  of  it  in  the  fall,  and  he  informed  me  that  Dr.  Engel- 
mann  regarded  it  as  <?.  palustris,  I  have  never  seen  the  true  (?. 
palustris  farther  south  than  the  vicinit}'  of  Washington.  Prof.  Sar- 
gent and  Mr.  Mohr  both  inform  me  that  they  do  not  know  of  its 
being  in  the  Southern  States,  and  so  sa3'S  Michaux,in  his  '*  North 
American  Sylva.''  It  is  not  in  Chapman  s  **  Flora  of  the  Southern 
States."  These  things  in  part,  joined  with  the  characteristics  of 
the  oak  as  growing  here,  cause<l  me  to  describe  it  as  a  new  species. 
(See  Q.  Texana,  in  Young's  "  Flora  of  Texas,''  p.  507. .  If  not  a 
good  species,  it  is  a  well-marked  variety'  of  Q,  rubra.  Let  it  then 
be  called  Q.  rubra  vnr.  Texan  a. 

Last  December,  Mr.  Charles  Mohr  and  myself  got  sections  of  its 
wood,  etc.,  which  he  sent  North  for  the  Department  of  Forestry 
of  the  Government  Census  Bureau.  We  then  thought  it  to  be  a 
good  species.  A  few  days  after,  on  the  l)ottom  lands  of  Walnut 
Creek,  about  six  miles  below  Austin,  we  found  the  acorns  and 
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leaves  of  Q.  rubra  and  also  those  of  Q.  Texana  on  and  beneath 
the  same  tree ;  and  also  many  intermediate  forms.  It  was  not 
only  one  tree,  but  many,  which  showed  these  differences. 

Quercus  rubra  attains  a  large  size  in  Eastern  Texas ;  but  west 
of  the  Trinity  River  it  is  seldom  more  than  two  feet  in  diameter. 
Its  wood  here  is  harder,  firmer  and  better  than  that  of  the 
Northern  red  oak. 

About  two  miles  from  Raleigh,  North  Carolina,  on  the  Fayette- 
ville  road,  in  1858, 1  measured  a  Quercus  rubra  which  was  20  feet 
8  inches  in  circumference  at  three  feet  from  the  ground.  It  was  a 
low  tree,  with  a  remarkable  spread  of  very  large  limbs,  whose 
length  on  the  south  side  was  72  feet  and  71  feet.  The  longest  on 
the  north  side  was  66  feet.  Near  the  base  of  its  limbs  at  ten  feet 
from  the  ground  it  was  27  feet  in  circumference.  The  circum- 
ference of  the  largest  limb,  at  two  feet  from  the  trunk,  was  9  feet 
7  inches.     Another  limb  was  7  feet  7  inches  in  circumference. 

In  September,  1859, 1  measured  a  Q,  rubra  in  Wilcox  County, 
Alabama,  which  was  24  feet  7  inches  in  circumference  at  three 
feet  from  the  ground.  It  was  a  tall,  well-developed,  healthy  tree. 
Another  one  not  far  distant  was  18  feet  2  inches  in  circumference 
at  three  feet.  In  the  town  of  Romulus,  Seneca  County,  N.  Y., 
I  measured  another,  in  1865,  which  was  17  feet  2  inches  in  in  cir- 
cumfererence  at  three  feet  high.  Most  of  the  large  red  oaks  of 
the  Northern  States  have  been  cut  down  to  make  staves  for  flour 
barrels,  etc. 
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SHU8  COTIHOIDES,  Nutt. 
BY    S.    B.    BUCKLEY,   PH.  D. 

This  sumac  was  discovered  by  Nuttall,  in  the  autumn  of  1819, 
on  the  Grand,  a  large  tributary  of  the  Arkansas  River,  and  within 
the  limits  of  the  present  Indian  Territory.  It  was  on  high  broken 
rocky  banks  at  a  place  then  known  as  the  *' Eagle's  Nest/'  It 
grew  there  only  as  a  shrub,  and  was  not  again  found  by  Nuttall. 
He  gives  a  description  of  it,  with  a  plate,  at  p.  71,  vol.  ii,  of  his 
addition  to  Michaux's  "  North  American  Sylva."  He  there  calls 
it  Cohnus  Americana,    NuttalPs  specimens  were  in  fruit  only. 

I  found  this  same  Rhus  on  the  6th  of  April,  1842,  in  descending 
from  the  table  lands  of  North  Alabama  to  the  Tennessee  River, 
on  the  Huntsville  road.  Here  were  large  shrubs  of  it  growing 
in  clumps  from  8  to  10  feet  high.  They  were  in  fruit  and 
strikingly  beautiful.     I  collected  many  specimens  of  them 

Soon  after,  I  came  to  the  river  and  staid  all  night  at  a  Mr. 
Chun's.  Next  morning,  I  crossed  at  "  Ditto's  Landing,"  and 
went  on  the  Madison  turnpike  to  Huntsville,  nine  miles  distant. 
After  dinner,  I  went  twelve  miles  from  Huntsville  to  a  Mr. 
Bailee's,  in  Madison  County,  Alabama,  on  the  road  to  Winchester, 
Tennessee,  via  Salem.  From  Mr.  Bailee's  house  I  walked  up  to 
the  top  of  a  low  mountain  to  get  specimens.  Near  its  base  and 
on  its  sides,  in  wooded  ravines,  I  saw  several  trees  of  R,  cotinoides 
in  flower,  and  with  larger  leaves  than  those  seen  before  south  of 
the  Tennessee  River.  These  trees  were  about  38  feet  high  and 
from  8  to  12  inches  in  diameter,  with  trunks  and  larger  limbs 
coated  with  light  gray  and  deeply-furrowed  bark  resembling  the 
bark  of  the  larger  trees  of  the  common  sassafras  {S.  officinale). 

I  climbed  a  tree  to  obtain  specimens.  The  branches  were 
brittle,  and  when  broken  emitted  a  yellowish  sap,  the  odor  of 
which  was  highly  aromatic ;  to  me  very  unpleasant. 

This  sumac,  when  in  fruit,  resembles  the  common  Venetian  sumac 
{Rhus  cotinus)^  as  is  indicated  by  its  specific  name.  It  must  be 
very  local  in  its  habitats^  and  also  very  rare.  I  think  it  has  not 
been  found  elsewhere  than  in  the  Indian  Territory  and  North 
Alabama. 

In  Chapman's  "  Flora  of  the  Southern  States,"  p.  tO,  it  is  stated 
that  I^ found  it  in  the  interior  of  Alabama.  Dr.  Chapman  was  led 
into  this  error  from  our  correspondence  and  exchange  of  plants 
when  I  was  living  in  Wilcox  County,  Alabama. 
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June  t. 
The  President,  Dr.  Uusciienberger,  in  the  chair. 
Eighteen  jKirsons  present. 

The  following  was  ordered  to  be  printed : 


OBSEBV/LTIOHS  UPOlf  THE  HIPP0P3TAIfU8. 
BY  HENRY  C.  CHAPMAN,  M.  D. 

On  several  different  occasion?*,  before  and  during  the  reign  of 
Augustus  and  of  his  successors,  Antoninus,  Conimodus,  Ileleoga- 
balus,etc.,  the  Hippopotamus  was  exhibited  at  Rome.  Naturally 
one  would  suppose,  therefore,  that  among  the  writers  of  those 
times  a  truthful  description  of  this  interesting  animal  would  be 
found.  Pliny's  *  account,  however,  is  only  a  restatement  of  tlie 
imperfect  and  erroneous  descriptions  of  Herodotus  and  Aristotle, 
with  some  mistakes  of  his  own  added,  while  those  of  later  Latin 
writers  like  Tatius,  though  better  than  Plin3''H,  are  still  obscure 
and  contain  errors.  Indeed,  the  Hippopotamus,  as  descrilwd  by 
Herodotus*  and  Aristotle,"*  is  so  unlike  the  animal  known  at  the 
present  da}',  that  either  these  usually  most  accurate  and  trust- 
worthy observers  could  never  have  seen  the  Hippopotamus  or 
else  they  must  have  described  some  other  animal  under  that  name. 
About  the  middle  of  the  sixteenth  century'  it  is  said  that  Belon 
saw  the  living  Hippopotamus  at  Constantinople,  but  even  so  late 
as  the  time  of  Cuvier^  the  living  animal  had  not  been  seen  in 
Western  Kurope.  The  London  Zoological  Garden,  I  bidieve,  has 
the  credit  of  having  been  the  first  in  modern  times  (during  1850) 
to  exhibit  the  living  Hippopotamus. 

So  far  as  I  know,  the  first  dissection  of  this  animal  was  made 
in  1704,  by  Daubenton.'^     The  specimen,  however,  being  a  female 

*  De  aninialibus,  Lib.  viii,  cap.  xxxix ;  Lib.  ix,  cap.  xiv. 
^  ITistoria,  Lib.  11,  cap.  Ixxi. 

'  Historia  Animalium,  Lib.  ii,  cap.  iv. 

*  OsRcmona  Fossiles,  Tome  deuxieme,  p.  383. 

*  Histoire  naturelle,  &c.,  avec  la  description  du  Cabinet  du  Roi.  •  Tome 
douziemc,  1764,  p.  50.    Supplement  to  Buffon. 
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foetus,  it  was  questionable  how  far  the  description  would  apply  to 
the  adult  animal.  Nothing  further  was  added  to  the  above  account 
until,  in  1844,  Vrolik*  described  the  stomach  of  a  half-grown  indi- 
vidual from  drawings  sent  from  the  Cape  of  Good  Hope.  A  few 
years  afterwards  Peters,^  in  his  Travels,  gives  a  short  but  valuable 
account  of  the  appearance  that  the  viscera  presented  in  the  adult 
animal.  It  will  be  seen,  therefore,  that  the  knowledge  of  the  soft 
parts  of  the  Hippopotamus  was  very  limited  up  to  quite  a  recent 
period.  During  1867  there  appeared  the  elaborate  monograph  of 
Gratiolot'  on  the  anatomy  of  this  animal,  and  the  important 
observations  of  Crisp.^  Gratiolet's  description  was  derived  from 
his  dissection  of  the  two  young  animals,  male  and  female,  that 
were  born  and  had  died  in  the  Jardin  des  Plantes.  Science 
is  indebted  to  Dr.  Alix  for  the  publication  of  this  important 
work,  Gratiolet  dying  before  its  completion.  This  distinguished 
anatomist  had,  however,  before  his  .death,  communicated  to  the 
Academic  des  Sciences,'  an  abstract  of  his  researches.  A  third 
3'oung  Hippopotamus  having  died  in  Paris  during  the  preparation 
of  the  work  just  referred  to,  Dr  Alix  had  a  further  opportunity 
of  supplementing  and  confirming  Gratiolet's  views.  Dr.  Crisp's 
specimen  was  a  male  and  about  fourteen  months  old  ;  it  was  burnt 
to  death  in  the  fire  that  destroyed  the  Crystal  Palace  in  London,- 
and  was  the  first  Hippopotamus  dissected  in  P^ngland.  Dr.  Crisp* 
refers  to  Gratiolet's  abstract  in  Annales  des  Sciences  Nnturelles 
for  1860,  but  does  not  mention  that  in  Comptes  Rend  us  for  1860. 
His  observations  were,  therefore,  uninfluenced  by  those  of  Gratiolet. 
In  1872,  Mr.  J.  W.  Clark^  published  the  "  Notes  on  the  Visceral 
Anatom}'^  of  the  Hippopotamus  "  that  died  in  the  London  Garden. 
This  animal  was  a  female,  and  only  a  few  days  old. 

It  is  well  known  that  in  addition  to  the  ordinary  Hii)popotamus, 
there  is  a  rarer  species  from  the  Western  Coast  of  Africa,  first 

^  Amsterdam  Verhandelingen,  x,  1844,  p.  240 ;  Recherchos  sur  la  Baby- 
russa. 

*  Heise  nach  Mosambique,  1852,  i,  p.  180. 

'  Recherches  sur  Tanatomie  de  rHippoi)otame.    Paris,  1867. 

*  On  some  points  connected  with  the  anatomy  of  the  Hippopotamus. 
Proc.  of  Lond.  Zool.  Soc,  1867,  p.  601  and  689. 

*  Comptes  Rendus,  1860,  pp.  524,  595. 

*  Op.  cit.,  p.  601. 

^  Proc.  Zool.  Soc,  London,  1872,  p.  185. 
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made  known  by  Morton/  and  called  by  him  Hippopotamus 
Liberiensis,  Its  osteology  was  afterwards  fully  described  by 
Prof.  Leidy,^  who  sliowcd  that  this  species  differed  so  much  from 
the  ordinary  one  that  a  distinct  name,  Chceropsis^  was  given  to 
it,  as  indicating  that  the  supposed  new  species  was  really  a  new 
genus.  Prof.  Leid^-'s  views  have  since  been  thoroughly  corrobo- 
rated by  other  anatomists,  particularly  by  Milne  Edwards,^  in  his 
recent  beautiful  monograph  on  this  animal.  The  only  living 
example  of  the  Chceropnis  Liberiensis  ever  seen  outside  of  Africa 
w;as  the  female  specimen  only  three  or  four  months  old  that  died 
a  few  minutes  after  arriving  at  the  Zoological  Ganlens  in  Dublin 
in  18t4,  and  that  formed  the  subject  of  a  paper  by  Mr.  Alex. 
Macalester.*  Since  then,  within  a  year,  the  late  lamented  Dr.  A. 
H.  Garrod  *  communicated  to  the  Zoological  Society  of  London 
the  results  of  his  dissection  of  the  adult  male  Hippopotamus  that 
had  lived  twenty-eight  years  in  their  admirably  conducted  Garden. 
It  will  be  observed  from  this  resum^  of  the  literature  of  the 
subject  that,  with  one  or  two  exceptions,  the  Hippopotami  that 
have  been  dissected  were  young  animals ;  some  not  more  than  a 
few  days  or  weeks,  others  about  a  year  old,  and  that  with  the 
exception  of  the  Chaeropsis  examined  at  Dublin,  they  were  of  the 
'ordinary  kind,  or  the  Hippopotamus  amphibius. 

While  the  general  results  of  these  various  observations  are  con- 
firmator}'  of  each  other,  nevertheless,  on  account  of  the  difference 
in  the  age  and  sex  of  the  individuals  dissected,  it  is  still  important 
that  whenever  the  opportunity  presents  itself  of  examining  a  full 
or  half-grown  Hippopotamus  the  results  of  such  dissection  should 
be  compared  with  those  already  made  for  the  sake  of  confirming, 
supplementing,  or  further  illustrating  them.  It  is  with  this  object 
that  I  bring  before  the  Academy  the  results  of  my  examinations 
of  the  female  Hippopotamus  which  recently  died  in  the  menagerie 
of  Mr.  Adam  Forepaugh,  to  whom  I  am  indebted  for  the  oppor- 
tunit}''  of  dissecting  it ;  and  of  the  male  specimen  that  died  in  New 

*  Proc.  Acad.  Nat.  Sciences,  vol.  ii,  p.  14 ;  Journal,  vol.  i,  1849,  p.  231. 

*  Journal  Acad.  Nat.  Sci,  vol.  ii,  1852. 

*  Recherches  sur  les  mammi feres. 

^  Proc.  of  Royal  Irish  Academy,  1874.     The  anatomy  of  ChoBropsis  Libe- 
riensis. 

^  Trans,  of  Zoo.  Soc.  of  London,  1880.  On  the  Brain  and  other  parts  of 
the  Hippopotamus. 
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York  on  its  way  to  the  Zoological  Garden  of  Philadelphia.  I  take 
the  occasion  also  of  thanking  Mr.  Arthur  E.  Brown,  Superintend- 
ent of  the  Zoological  Garden  where  the  dissections  were  made,  for 
materially  assisting  me  in  the  investigation. 

Both  the  animals  were  examples  of  the  ordinary  species,  the 
Hippopotamus  amphibius,  and  measured  about  5  feet  6  inches  in 
length.  The  female  was  )>oth  the  taller  and  heavier  of  the  two. 
Her  height  at  the  shoulder  being  28  inches  and  weight  550  pounds. 
She  was  prol^ably  older  than  the  male.  The  condition  of  the  skin 
in  the  female  suggested  the  idea  that  it  had  not  been  sufficiently 
bathed  during  the  past  winter.  It  is  well  known  that  the  health 
of  the  skin,  and  of  the  animal  generally,  depends  upon  the  free  use 
of  water,  either  in  the  form  of  a  bath,  or  where  that  is  not  practi- 
cable, by  constant  sponging,  etc.  With  the  exception  of  some 
slight  inflammation  of  the  fourth  stomach  and  an  apparent  hyper- 
trophy of  the  left  ventricle  of  the  heart,  the  organs  were  healthy. 
The  male  animal  died  from  an  inflammation  of  the  stomach  and 
intestines,  the  epithelium  and  submucous  tissue  in  parts  of  the 
stomach  being  stripped  off,  while  portions  of  the  intestine  were 
gangrenous.  The  immediate  cause  of  death  was  a  large  well- 
organized  clot  in  the  heart.  As  the  myology  of  Hippopotamus 
and  of  Choeropsis  have  been  described  and  figured  by  Gratiolet ' 
and  Macalester^  respectively,  I  will  not  dwell  upon  this  part  of 
the  subject,  but  pass  to  the  consideration  of  the  internal  organs.. 

Alimentary  System,  etc. — The  tongue  of  the  Hippopotamus 
(PI.  XI,  fig.  1)  is  a  long,  flattened  organ  expanded  and  rounded  off 
at  the  top  rather  than  tapered.  It  measured  1 4  inches  in  length,  in 
breadth  3^  inches  at  the  middle  and  5  inches  at  the  top.  At  the 
back  of  the  tongue  where  one  finds  the  eircumvallate  papillae  in 
man,  in  place  of  these  are  seen  what  might  be  called  elongated, 
thorn}'  papillae.  They  do  not  correspond  to  either  the  human 
filiform  or  fungiform  papillae.  The  latter  were  well  developed.  I 
did  not  notice  anything  peculiar  about  the  submaxillary  gland, 
the  sublingual  however  was  absent ; '  the  parotide  were  present, 
but  not  very  well  developed,  as  Gratiolet  states  was  the  case  in 
the  animals  examined  by  him.  The  small  size  of  the  parotids  in 
the  Hippopotamus  may  be  due  to  the  habit  of  passing  so  much 
time  in  the  water ;  the  necessity  of  the  secretion  not  being  felt, 

1  Op.  oit.,  Planches  IV  to  VIIL  *  Op.  cit.^  pages  496,  500. 

»  Op.  cit.,  p.  884. 
10 
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as  is  the  case  in  fishes.  According  to  GratioleV  it  is  doubtful 
if  tliev  were  present  in  the  very  3'oung  animal. 

What  at  once  struck  me,  on  exposing  the  larynx,  etc.,  was  the 
space  (PI,  XI,  fig.  1)  intervening  between  it  and  the  tongue,  and 
the  large  size  of  the  back  of  the  tongue  as  compared  with  the 
epigloilis.  Through  the  flexibility  of  this  space  the  larynx  when 
elevatid  can  be  thrust  up  into  the  posterior' nares;  this  space, 
together  with  the  tongue,  effectually  cutting  off  the  cavit}"  of  the 
mouth.  This  can  be  well  seen  in  the  living  animal.  It  is  possible 
that  this  disposition  of  the  parts  may  be  of  advantage  to  the  Ilippo- 
potamus  when  sank  in  the  water.  Under  such  circumstances,  the 
nose  only  appearing,  the  air  can  pass  into  the  external  nares  and 
so  back  directly  into  the  larynx.  Further,  as  the  external  nares 
are  extremely  flexible  an<l  close  very  tightly,  it  may  be  that  the 
animal  before  sinking  under  the  water  can  take  in  a  considerable 
quantity  of  air  into  the  nose  and  retain  it  there  until  needed, 
when  it  is  then  drawn  into  the  larynx.  On  looking  over  the 
literatun;  of  the  anatomy  of  the  Hippopotamus,  I  find  that 
Gratiolet^  and  Clark ^  are  the  only  ones  who  dwell  particularly 
upon  this  part  of  its  economy.     Clark  gives  figures  of  the  spaces 

1  have  referred  to,  and  points  out  what  appears  to  be  the  probable 
function  of  the  parts.  The  lar3'nx  and  its  muscles  have  been 
well  described  by  Gratiolet,^  Crisp'*  and  Clark. '^  It  would  be 
superfluous  therefore  for  me  to  dwell  upon  them.  I  will,  however, 
call  attention  in  this  connection  to  the  fact  of  the  epiglottis 
(Plate  XI,  figs.  1  and  2  (?)  being  small  as  compared  with  the  larj'nx 
(Plate  XI,  fig.  2),  the  former  measuring  2i  inches  in  length,  and 

2  inches  wide,  the  latter  being  Oi  inches  long  and  6j  in  circum- 
ference, and  that  the  nares,  epiglottis,  etc.,  of  the  nip])opotamus 
reminded  me  rather  of  those  of  the  Manatee  than  of  those  of  the 
Cetacea.  The  vocal  cords  >vere  situated  obliquely,  the  anterior 
ends  being  lowermost;  they  measure  2  inches  in  length  and  i  inch 
in  depth.  There  was  nothing  peculiar  about  the  lungs;  they  were 
not  divided  into  lobes  or  subdivided  into  lobules  recognizable  by 
the  naked  eye,  as  described  by  (iratiolet." 

The  stomach  in  the  Hippopotamus  is  subdivided  into  four  distinct 

^  Op.  cit,  p.  384.  *  Op.  cit.,  p.  375. 

'  Op.  cit.,  p.  188.  *  Op.  cit^,  p.  305. 

*  Op.  cit.,  p.  60y.  *  Compare  Gratiolet,  op.  cit.,  p.  868. 

'  Oi>.  cit.,  p.  374. 
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compartments,  b,c^d  and  e  ^ Plate  XII);  the  first,  6,  however, 
not  being  so  apparent  externallj''  as  the  other  three  (shown  in 
Plate  XI,  fig.  3).  The  crsophagus,  a  (Plate  XII  ,  opens  freely 
into  the  compartment  6,  which  is  situated  posteriorly,  and  which 
might  be  easily  overlooked  unless  opened.  I  propose  calling  this 
compartment  the  first  stomach,  as  the  food  can  pass  from  the 
(esophagus  into  it  without  necessarily  passing  into  either  of  the 
other  two  stomachs,  c  and  d,  wherea^ii  the  food  must  pass  through 
a  small  part  at  least  of  b  in  order  to  get  into  c  or  d.  This  is 
due  to  a  peculiar  disposition  at  the  entrance  of  the  stomachs  c 
and  d  (Plate  XIII).  At  this  point  the  lining  membrane  is 
raised  up  into  two  valvular  folds,  g  and  h  (PI.  XIII),  of  which  the 
former  is  the  l)e8t  developed.  The  fold  g  almost  divides  the 
second  stomach  into  two  parts.  These  folds  are  10  and  4  inches 
in  length  respectively,  and  about  the  ^  of  an  inch  in  breadth,  and 
contain  muscular  fibres.  When  these  folds  are  approximrited  the. 
oesophagus,  a,  and  first  stomach,  6,  are  completely  shut  olT  from  c 
and  d.  When,  however,  the  valvular  folds  are  separated,  then 
the  foo<l  can  pass  from  the  oesophagus,  a,  or  from  stomach,  6, 
over  the  edges  of  the  folds,  g  and  h,  into  either  the  stomachs,  c 
or  d.  As  the  compartment  d  passes  into  e,  which  is  continuous 
with  the  intestine,  /,  it  appears  to  me  that  the  two  compartments 
may  be  appropriately  calle<l  the  third  and  fourth  stomachs,  in 
which  case  c  would  be  the  second  one. 

From  a  simple  inspection  of  the  stomachs  of  the  Hippopotamus, 
one  would  be  disposed  to  conclude  that  the  animal  was  a  rumi- 
nant. As  the  act  of  rumination,  however,  has  never  l>een  observed 
in  the  Hippopotamus,  either  in  captivit}'  or  in  the  wild  state,  so 
far  as  is  known,  the  inference  must  be  that  the  food  passes  either 
directly  from  the  (esophagus  into  the  second  or  third  stomachs,  as 
is  probably  the  case  with  liquids,  or  into  the  first  stomach,  and 
then  indirectly  into  the  second  or  third,  when  more  solid  articles 
are  introduced. 

The  four  stomachs  differ  considerably  in  size,  the  third,  d,  being 
by  far  the  largest ;  it  measured  from  right  to  left  27  inches,  as  seen 
in  situ  in  PL  XII ;  it  overlaps,  when  viewed  from  the  anterior  sur- 
face, the  second  and  fourth  stomachs,  c  and  e,  and,  to  a  great 
extent  conceals  the  first  stomach,  6,  especially  when  the  latter  is 
empty.  The  first  stomach,  6,  measured  15  inches  from  right  to 
left,  and  is  so  closely  united  to  the  third  one,  dj  that  externally 
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the  two  look  like  one  when  empty,  and  their  distinctness  does  not 
become  evident  ontil  they  are  forcibly  separated  and  opened. 
The  first  stomach  is  also  connected  laterallv  with  the  third  and 
fourth  ones.  These  are  about  the  same  length.  7  inches,  measured 
from  right  to  left.  The  third  stomach  communicated  with  the 
fourth  by  a  narrow  aperture,  which  measured  3  inches  in  diameter. 
In  situ  the  second  stomach  was  situated  in  the  left  hypochondriac 
region ;  the  fourth  stomach  on  the  right ;  the  third  stomach  lying 
between  the  third  and  fourth  and  in  the  same  plane,  and  in  front 
and  partially  concealing  the  first  stomach. 

The  difference  in  the  four  stomachs  of  the  Hippopotamus  viewed 
intemallv  are  even  more  marked  than  those  observed  extemallv. 
The  smooth  mucous  membrane  of  the  oesophagus  contrasts  strongly 
with  that  of  the  first  stomach,  in  which  the  mucous  membrane 
exhibits  parallel  folds  or  ridges.     In  the  second  stomach  the  ridges 

,are  seen,  but  here  they  consist  of  rows  of  villi,  averaging  the  ^  of 
an  inch  in  height ;  the  villi  are  not  so  closely  set  on  the  rows  but 
that  the}'  can  be  readily  distinguished.  The  villi  in  the  third  stom- 
ach, however,  are  densely  packed  and  smaller  than  those  of  the 
second  stomach.  In  addition  the  mucous  membrane  is  thrown  into 
eight  large  (the  seventh  divided  into  two)  folds  that  run  at  right 

'  angles  to  the  long  axis  of  the  stomach.  The  mucous  membrane  of 
the  fourth  stomach  differed  from  that  of  the  others  in  being  the 
only  one  containing  the  gastric  glands :  according  to  Dr.  Htmt, 
these  measure  in  length  j^^  of  an  inch,  in  breadth  y^^  of  an  inch. 
The  food  did  not  seem  to  be  digested  to  any  extent  in  the  first  three 
stomachs,  but  lay  as  a  sodden  mass.  In  the  fourth  stomach,  how- 
ever, the  food  was  softened,  and  its  general  appearance  differed 
from  that  of  the  other  stomachs.  As  the  animal  died  shortly  after 
eating,  digestion  had  not  been  going  on  any  length  of  time,  so 
that  any  great  change  in  the  food  could  not  have  taken  place.  In 
the  case  of  the  male,  the  fourth  stomach  had  been  affected  by  dis- 
ease and  the  food  appeared  almost  unchanged.  The  small  intestine 
in  the  female  measured  70  feet,  the  large  intestine  11  feet.  There 
were  no  valvulae  conniventes  in  the  small  intestine  but  the  mucous 
membrane  was  villous  and  exhibited  the  Lieberkiihnian  follicle  and 
the  Peyer's  patches  in  the  lower  two-thirds.  There  was  no  very 
sharp  line  of  demarkation  between  the  small  and  large  intestines, 
the  beginning  of  the  latter  being  indicated  by  a  slight  enlarge- 
ment.    A  small  transverse  fold  was  the  only  indication  of  an  ileo- 
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cflBcal  valve.  As  might  have  been  expected  on  account  of  the  large 
and  complex  stomach,  there  was  no  well  defined  cfecnm.  It  is  an 
interesting  fact,  however,  that  the  peculiar  glandular-like^  structure 
in  the  csecal  end  of  the  colon  of  the  Giraffe  first  described  by  Cob- 
bold,  should  be  present  in  the  Ilippopotamiis.  There  was  nothing 
very  peculiar  about  the  pancreas  or  the  spleen.  The  duct  of  the 
former  pierced  the  duodenum  separately  from  the  ductus  choledo- 
chus.  The  latter  was  closely  bound  to  the  greater  curvature  of 
the  stomach  by  a  fold  of  peritoneum.  The  liver  was  a  quadri- 
lateral mass  not  subdivided  to  any  extent  into  lobes.  The  gall 
bladder  was  absent  in  the  female ;  in  the  male,  however,  it  was 
present  and  measured  6  inches  long. 

On  comparing  my  observations  with  those  of  the  anatomists 
abneady  referred  to,  I  find,  that  while  some  of  the  descriptions 
accord  very  well  with  mine,  others  differ  considerably.  Thus 
Daubenton's  description  is  very  good,  especially  when  it  is  remem- 
bered that  it  is  based  upon  the  examination  of  a  fcetus.  His^ 
figures  give  a  very  good  idea  of  the  relations  of  the  four  stomachs 
when  they  are  separated  from  each  other  by  division  of  their  con- 
necting bands.  Peters'*  and  Vrolik's*  accounts  are  very  fair. 
Unfortunately,  however,  no  figures  are  given.  On  the  other  hand, 
I  cannot  say  that  the  figure  given  by  Crisp  *  of  the  stomachs 
illustrate  the  specimens  examined  by  me.  His  descriptions,  how- 
ever, of  the  colic  gland,  spleen,  liver  and  pancreas  accord  very 
well  with  my  observations.  Clark  *  gives  four  figures,  illustrating 
the  stomach  described  by  him,  that  by  Gratiolet,  and  of  one  pre- 
served in  the  Museum  of  the  Royal  College  of  Surgeons.  The 
figure  of  the  latter  gives  a  much  better  idea  of  the  stomach 
examined  by  me  than  either  that  of  Clark's  or  Gratiolet's.  Garrod  • 
states  that  *'  he  could  find  no  confirmation  of  the  peculiar  position 
of  the  different  parts  described  by  Mr.  J.  W.  Clark  in  his  speci- 
men." Possibly  these  differences  observed  in  the  stomach  may 
be  due  to  age,  sex,  to  the  extent  to  which  the  different  stomachs 
had  been  separated,  or  to  the  amount  of  food  that  they  contained, 
etc.  As  all  of  these  conditions  will  infiuence  greatly  the  form  of 
the  organ,  it  need  not  occasion  surprise  that  I  find  the  accounts 

'  Op.  oit.,  figs.  1  and  2,  PI.  IV.  '  Op.  cit.,  p.  180. 

'  Op.  oit,  p.  240.  *  Op.  cit.,  fig.  8,  p.  604. 

^  Op.  cit.,  figs.  4,  5,  6,  7,  p.  190.  '  Op.  cit.,  p.  16. 
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somewhat  discordant,  without,  however,  intending  to  throw  dis- 
credit upon  any  of  them. 

A  Peccary  having  died  at  the  Zoological  Garden  the  same  day 
that  the  Hippopotamus  arrived  there,  a  favorable  opportunity 
presented  itself  of  comparing  the  stomachs  of  the  two  animals. 
While  externally'  the  stomach  of  the  Peccary  is  not  subdivided  to 
any  great  extent,  internally  through  .the  elevation  of  the  mucous 
membrane  into  two  ridges,  three  compartments,  cardiac,  middle 
and  pyloric,  may  be  distinguished.  The  cardiac  portion  further 
subdivided  at  its  termination  into  two  blind  pouches,  opens  into  the 
middle  division  of  the  stomach  ;  the  latter  receives  the  oesophagus 
and  communicates  with  the  pyloric  part.  Conceive  the  ridges 
and  the  cardiac  pouches  in  the  stomach  of  the  Peccary  greatly 
enlarged  and  we  would  have  the  stomach  of  a  small  Hippopotamus. 
On  the  other  hand,  diminish  the  first  two  stomachs  of  the  Hippo- 
potamus to  mere  blind  pouches,  at  the  same  time  increasing  the 
constriction  between  the  third  and  fourth  ones  and  we  have,  with- 
out any  stretching  of  the  imagination,  the  stomach  of  the  Manatee. 
Beginning  with  the  Pig  the  transition  from  that  form  of  the 
stomach  through  the  Babyrussa  ^  to  that  of  the  Peccary  is  an  easy 
one.  The  latter  again,  leads  to  the  Hippopotamus,  which  in  turn 
anticipates  on  the  one  hand  the  Manatee  and  on  the  other  the 
Ruminant  type. 

Vascular  System, — The  circulation  of  the  blood  in  the  Hippo- 
potamus was  first  studied  by  Gratiolet.  The  result  of  his  carefiil 
investigation  was  the  subject  of  a  special  communication  to  the 
Academy  of  Sciences,  which  appeared  in  the  Gomptes  Retidus^^ 
several  years  before  the  publication  of  his  more  general  work  by 
Dr.  Alix,  A  good  account  of  the  heart  is  also  given  by  Crisp.' 
With  the  exception  of  the  above  accounts,  little  or  no  attention 
seems  to  have  been  given  to  the  study  of  the  circulation  by  those 
anatomists  who  have  dissected  the  common  variety  of  Hippopota- 
mus, Daubenton  *  devoting  merely  a  few  lines  to  the  heart,  while 
the  later  writers  do  not  mention  the  circulation  at  all.  Macalester  * 
mentions  one  or  two  peculiarities  about  the  blood-vessels  in  the 
Chocropsis.  Although  I  have  nothing  particularly  to  add  to 
Gratiolet 's  excellent  description,  inasmuch  as  the  subject  of  his 

1  Vrolik,  op.  cit.,  p.  240.  «  Tome  li,  p.  624, 1860,  1867. 

'  Op.  cit,  p.  609.  *  Op.  cit.,  p.  57.  *  Op.  cit.,  p.  4»5. 
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dissection  was  only  a  day  old,  it  was  important  that  the  lieart  and 
blood-vessels  in  a  more  fully  developed  animal  shoald  be  examined 
with  reference  to  determining  whether  the  circulation  was  in  any 
way  modified  by  age. 

On  opening  the  thorax  of  the  animal  it  appeared  to  me  that  in 
both  sexes  the  heart  was  large  in  proportion  to  the  size  of  the 
animals.  This  is  in  a  great  measure  due  to  the  thickness  of  the 
walls  of  the  left  ventricle.  In  the  female  Hippopotamus,  which 
was  the  first  examined,  I  suspected  this  might  be  due  to  hyper- 
trophy, but  finding  it  to  be  the  case  in  the  ni^ale  also,  perhaps 
this  is  normal.  The  heart,  in  an  empty  condition,  measured, 
from  base  to  apex,  9  inches,  and  in  circumference  14  inches.  The 
wall  of  the  left  ventricle  measured  1  inch  in  thickness,  that  of  the 
right  J  of  an  inch.  According  to  Gratiolet,*  the  heart  in  the 
young  Hippopotamus  terminates  in  two  points,  the  ventricles 
being  separated  by  a  little  groove,  reminding  one  of  the  form  of 
the  heart  in  the  Manatee  and  the  Dugong.  There  was  no  indica- 
tion of  this  groove  in  either  of  the  Hippopotami  examined  by  me. 
With  the  exception  of  the  absence  of  the  corpora  arantii  on  the 
semilunar  valves  of  the  pulmonary  artery  and  their  very  slight 
development  in  those  of  the  aorta  I  did  not  notice  anything 
peculiar  about  the  interior  of  the  heart.  The  aorta  gave  off  the 
coronary  arteries  first,  which  were  very  large  and  then  an  innomi- 
nate and  the  left  subclavian.  The  innominate  divided  into  the 
right  subclavian  and  a  trunk  which  bifurcated  into  the  two  com- 
mon carotids.  The  external  carotid  as  well  as  the  ascending 
cervical  and  occipital  arteries  were  all  rather  slender  vessels  in 
proportion  to  the  size  of  the  head  and  neck.  The  external 
carotid  artery  was  very  much  larger  than  the  internal.  A  pecu- 
liarity about  the  external  carotid  artery  of  the  Hippopotamus  first 
described  by  Qratiolet,*  I  noticed  m  both  the  male  and  the  female 
animals,  the  fact  of  the  vessel  in  its  course  towards  the  head 
passing  between  the  hyoid  bone  and  the  digastric  and  stylo-hyoid 
muscles  in  such  a  manner  that  when  the  hyoid  is  elevated  the 
vessel  is  compressed  against  the  bone  by  these  muscles.  The 
effect  of  this  disposition  is  that  the  blood  is  cut  off  to  a 
great  extent  from  the  brain  and  head  when  the  animal  sinks 
under  water,  the  hyoid  being  elevated  at  such  times.     Gratiolet 

^  Recherches,  p.  358,  and  Planche  III. 
*  Op.  cit,  p.  854. 
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havinp:  shown  that  the  external  carotid  through  the  sphenoidal 
branch  of  its  internal  maxillary  communicates  with  the  carotid 
rete  mirabile,  this  sphenoidal  branch  in  the  Hippopotamus  is  as 
large  as  the  internal  carotid  and  plays  the  part  of  an  ^'  anterior 
internal  carotid."  In  this  connection  I  may  say  that  it  appeared 
to  me  that  the  elevation  of  the  hyoid  bone  would  compress  the  . 
internal  carotid  artery  as  well  as  the  external,  the  common  carotid 
bifurcating  between  the  digastric  muscle  and  the  hyoid  bone  in  my 
specimens.  The  return  of  the  venous  blood  to  the  heart  from 
the  head,  however,  was  not  impeded  in  any  way,  the  jugular  veins 
lying  to  the  outside  of  the  muscles  which  compressed  the  carotid 
arteries.  The  superior  mesenteric  artery  came  off  the  aorta  in  • 
common  with  the  coeliac,  the  inferior  mesenteric  separately.  The 
common  trunk  of  the  external  and  internal  iliacs  was  short.  I  did 
not  notice  any  rete  mirabile  in  the  arteries  of  the  body  or  extremi- 
ties. In  this  respect  the  venous  system,  however,  differed  very 
considerably  from  the  arterial.  I  was  struck  with  the  large  size 
of  the  cutaneous  and  subcutaneous  veins  and  of  the  many  anasto- 
moses between  them,  especially  in  the  extremities,  where  numeirous 
rete  exist.  Another  peculiarity  about  the  venous  system  in  the 
Hippopotamus  is  the  difference  between  the  superior  and  inferior 
vena  cavae.  The  superior  being  very  large  and  readily  transmit- 
ting the  blood  to  the  heart,  whereas  the  inferior  cava,  at  least  that 
part  of  it  above  the  diaphragm,  is  rather  small.  According  to 
Macalester,^  in  Choeropsis  a  left  superior  vena  cava  is  partly 
represented  by  a  small  vein.  As  Gratiolet  first  showed,  there 
is  found  in  the  walls  of  the  vena  cava  above  the  diaphragm  a  cir- 
cular band  of  muscular  fibres  which  in  contracting  will  entirely 
or  partially  constrict  the  vessel.  The  effect  of  such  action  is  that 
the  blood  in  the  inferior  cava  is  prevented  returning  to  the  heart. 
The  circular  muscular  band  in  the  Hippopotami  examined  by  me 
was  ^  an  inch  broad.  Such  a  disposition  of  the  vena  cava  is  also 
seen  in  the  Seal'  and  in  some  other  mammals  which  habitually 
remain  under  water  for  a  certain  length  of  time.*  Below  the 
diaphragm  the  vena  cava  was  very  much  dilated,  while  the  open- 
ings into  it  of  the  hepatic  veins  were  enormous.  It  will  be  seen 
from  the  above  that  while  the  venous  blood  readily  returns  from 

*  Op.  cit.,  p.  495. 

*  Burrow,  Mullet's  Archiv,  1838. 

*  Milne  Edwards'  Physiologie,  Tome  iii,  p.  694. 
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the  brain  and  cord  and  upper  extremities  to  the  heart,  that  from 
the  viscera  and  lower  extremities  can  be  entirely  cut  off  from  it, 
welling  back  into  the  dilated  cava  and  cutaneous  veins,  while 
congestion  of  the  brain  can  be  prevented  when  the  animal  sinks 
under  water  by  the  obliteration  of  the  carotid  arteries.  In  this 
way  paralysis  of  the  respiratory  centres  of  the  brain  and  cord 
through  congestion  is  prevented,  while  the  demand  for  fresh  air 
is  diminished,  so  much  blood  being  retained  in  the  viscera  and 
lower  extremities  and  so  diverted  from  the  lungs.  These  pecu- 
liarities in  the  vascular  system  of  the  Hippopotamus — ^taken 
together  with  the  dis|)osition  of  the  nares,  lar3'nx,  etc.,  already 
referred  to,  through  which  the  air  can  be  retained — accounts, 
according  to  Gratiolet,*  for  the  Hippopotamus  being  able  to 
remain  under  water  for  so  long  a  time,  from  fifteen  to  even  forty 
minutes. 

Bert,*  while  admitting  the  force  of  Gratiolet's  reasoning,  attrib- 
utes the  power  that  many  animals  have  of  resisting  for  a  long  time 
asphyxia, however  produced,  rather  to  the  relative  richness  of  blood 
that  is  contained  in  their  bodies ;  the  blood  serving  as  a  storehouse 
or  magazine  for  oxygen  which  can  l>e  drawn  upon  when  needed. 
For  example,  Bert  has  shown  that  the  blood  of  the  duck  is  richer 
than  that  of  the  chicken,  and  explains  in  this  way  that  the  duck 
will  live  longer  than  the  chicken,  when  both  are  asph^'xiated  either 
by  submersion  in  water  or  by  ligation  of  the  trachea.  It  seems  to 
me,  however,  that  the  great  quantity  of  blood  present  in  those 
mammals  that  are  in  the  habit  of  remaining  under  the  water  any 
length  of  time  is  an  important  element  in  the  question.  In  open- 
ing several  sea-lions,  Zalophus  Oillespii^  that  have  died  at  the 
Zoological  Garden,  and  different  Cetacea,  I  have  been  alwa^^s  im- 
pressed with  the  enormous  quantity  of  blood  that  literally  ran  out 
of  their  bodies.  In  presenting  a  specimen  of  a  Dolphin,  Delphi- 
ntt«,  to  the  Academy,  I  called  attention*  to  the  vast  rete  mirabile 
formed  by  the  intercostal  arteries  constituting  the  intercostal 
gland  of  the  older  anatomists,  and  which  is  usually  regarded  as  a 
reservoir  of  arterialized  oxygenated  blood,  to  be  drawn  upon  ac- 
cording to  the  needs  of  the  animal.  If  the  blood  of  the  seals  and 
cetaceans  proves  to  be  relatively  ncher  than  that  of  other  mammals, 

1  Recherohes,  p.  868. 

'  Physiologie  comparie  de  la  Respiration,  p.  543. 

*  Proceedings  of  Academy,  1878,  p.  279. 
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it  would  show  that  both  the  quality  of  the  blood,  as  well  as  the 
quantity,  is  important  in  enabling  the  animal  to  resist  asphyxia. 
Not  only  was  the  quantity  of  blood  in  the  Hippopotamus  very 
great  but  the  color  in  the  arteries  was  very  bright,  more  so  than 
is  usual  in  mammalian  blood.  Further  I  found  the  blood  cor- 
puscles mcjisured  onl}^  the  y^gir  ^^  ^^  ^^^^^  ^^  diameter,  or  more 
strictly  the  gj^  of  a  millimetre — aNachet  e^^e-piece  micrometer 
being  used.  The  blood  of  the  II i])p(tpotamus  should  be  therefore 
very  rich  in  oxygen,  as  a  corpuscle  subdivided  into  a  number  of 
email  onos  would  expose  a  larger  absorbing  surface  to  the  oxygen 
respired  than  if  undivided.  This  view  is  confirmatory  of  that  of 
Bert,  just  referred  to.  It  must  be  admitted,  however,  that  accord- 
ing to  the  high  authority  of  Gulliver,  the  blood  corpuscle  measures 
the  35^1^  of  an  inch  in  the  Hippopotamus.  The  fact  of  the  Hip- 
popotamus being  able  to  remain  under  water  would  seem,  therefore, 
to  depend  upon  the  peculiarities  of  its  vascular  and  respiratory 
systems,  and  the  great  quantity  and  rich  quality  of  its  blood,  the 
structural  relations  being  as  important  as  the  chemical. 

OenitO' Urinary  Apparatus, — In  the  different  accounts  of  the 
Hippopotamus  that  I  have  referred  to,  with  the  exception  of  tliat 
of  Gratiolet  and  of  Clark,  little  or  nothing  is  said  of  the  genito- 
urinary organs.  Daubenton*  devotes  a  few  lines  to  the  descrip- 
tion of  the  uterus  and  vagina,  but  his  specimen,  it  will  be  remem- 
bered, was  only  a  foetus.  Peters  ^  merely  alludes  to  the  mammae, 
the  penis,  etc.  In  Crisp's^  specimen,  which  was  a  male,  the  parts 
were  destroyed  to  such  an  extent  as  rendered  detailed  dissection 
impossible.  The  account  in  Gratiolet's*  work  is  really,  I  presume, 
due  to  Dr.  Alix,  as  that  anatomist  tells  us  in  the  preface,*  the 
death  of  a  young  Hippopotamus  bom  at  the  Jardin  des  Plantes  a 
few  days  previously,  gave  him  the  opportunity  of  adding  some 
details  to  the  dissections  left  by  Gratiolet.  Alix's  description 
of  the  parts,  which  is  an  account  of  both  sexes,  is  excellent,  but 
unfortunately  is  unaccompanied  by  any  illustrations.  Clark's  • 
figure  of  the  uterus  and  vagina  is  imperfect,  but  his  description  is 
very  clear.  It  is  to  be  regretted  that  Garrod  ^  says  nothing  of  the 
geni to-urinary  organs  of  the  male  animal  examined  by  him.     It 

»  Op.  cit ,  p.  58.  *  Op.  cit.,  p.  181.  '  Op.  cit.,  608. 

♦  Op.  cit.,  p.  896.  *  Op.  cit.,  p.  vi.  •  Op.  cit.,  p.  195. 
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will  be  seen  from  the  above  that  the  gen i to-urinary  api)aratus  in 
the  male  Hippopotamus  have  not  been  figured,  and  that  of  the 
female  only  imj^erfectly  so,  while  the  description  of  Alix  is  based 
on  very  young  animals,  and  that  of  Clark  is  limited  to  tlie  female 
sex.  I  trust  that  the  following  brief  description  of  the  parts  as 
I  found  them  in  the  male  and  female,  with  the  accompanying 
figures  will  sufficiently  illustrate  what  is  wanting  in  the  accounts 
hitherto  given  of  the  animal: 

Oenito^  Urinary  Organs  in  Male. — The  kidneys,  k  (Plate  XIY), 
measured  five  inches  in  length  and  were  distinctly  lobulated. 
About  ten  of  these  lobules  could  be  counted  on  each  face.  The 
ureters  were  7  inches  in  length,  and  opened  into  the  bladder  at 
the  angles  of  the  trigonum  vesica}.  The  bladder,  6,  from  the 
highest  point  to  the  verumontanum  in  the  middle  line  measured 
9  inches.  There  was  no  sign  of  a  prostate  gland  or  utriculus. 
On  each  side,  however,  of  the  middle  line  below  the  verumontanum 
a  number  of  little  follicles  could  be  observed.  The  Towperian 
glands,  c,  on  the  other  hand,  are  very  large,  being  almost  an  inch 
in  diameter ;  the  main  duct  was  well  developed  and  opened  into 
the  urethra  an  inch  below  the  gland.  A  considerable  amount  of  a 
viscous  humor  could  be  squeezed  out  of  the  gland  and  duct.  The 
muscular  fibres  covering  the  gland  no  doubt  produce  this  effv'ct  in 
contracting.  The  distance  from  the  verumontanum  to  the  orifices 
of  the  Cowper's  ducts  measured  four  inches.  The  orifices  of  the 
ducts  were  concealed  by  a  little  fold  of  mucous  membrane.  Under 
this  fold  the  membrane  was  thrown  into  delicate  transverse  ridges. 
The  mucous  membrane  of  the  membranous  portion  of  the  urethra 
was  thrown  into  longitudinal  folds.  The  urethra  from  the  open- 
ings of  Cowper's  ducts  to  its  termina*ion  in  the  glans  measured 
12  inches.  There  was  nothing  exceptional  in  reference  to  the 
corpus  spongiosum  or  the  corpora  cavernosa  The  penis  meas- 
ured in  circumference  2  inches.  The  ischio  cavernous  and  bulbo 
urethral  muscles  were  well  developed.  The  s3'mmctricalh'  disposed 
retractor  muscles,  etc.,  of  the  penis  arising  from  the  posterior 
surface  of  the  rectum  pass  to  the  bulbous  portion  of  the  urethra, 
where,  becoming  tendinous,  they  are  continued  side  b}-  side  to  the 
base  of  the  glans  into  which  they  are  inserted.  The  glans  itself 
measured  in  circumference  5\  inches,  and  when  everted  presents 
a  very  peculiar  appearance,  it  being  then  thrown  into  a  rosette 
which  consists  of  folds  arranged  somewhat  like  the  leaves  of  a 
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book.  The  testicles,  t,  were  found  in  the  inguinal  canal,  midway 
between  the  internal  and  external  abdominal  rings.  There  was  a 
free .  communication  between  the  cavity  of  the  peritoneum  and 
that  of  the  tunica  vaginalis  testis.  The  cremaster  muscle  was 
well  developed,  and  arose,  as  usual,  from  the  internal  oblique  and 
transversalis  muscles.  The  testicle  itself  measured  2^  inches. 
The  vas  deferens,  v,  measured  18  inches  from  the  epididymis  to 
the  point  where  it  is  joined  by  the  duct  of  the  seminal  vesicle. 
The  latter  was  about  an  inch  in  length,  but  not  much  developed. 
The  ejaculatory  ducts  open  into  the  urethra  at  the  verumontanum. 

Oenito- Urinary  Organs  in  Female, — The  ovary,  o  (Plate  XV), 
in  the  Hippopotamus  is  elongated  and  flattened,  measuring  an 
inch  in  length  and  |  of  an  inch  in  breadth.  The  Fallopian  tube,/, 
8  inches  long  and  |-  of  an  Inch  wide,  pursues  quite  a  flexuous 
course  towards  the  comua  of  the  uterus,  cu^  into  which  it  opens 
by  a  very  small  aperture.  The  pavilion,  p^  while  not  fringed, 
consists  of  a  series  of  folds  radiating  from  the  central  opening. 
The  latter  readily  admitted  a  bristle.  The  comua  of  the  uterus,  cu, 
measured  6^  inches  in  length  and  |  of  an  inch  in  breadth.  For  the 
last  two  inches  of  their  course  the  comua  run  alongside  of  each 
other,  and  are  apparently  fused  together,  though  internally  they 
are  seen  to  be  still  quite  distinct.  Finally,  each  cornn  opens  by  a 
wide  mouth  into  a  common  cavity,  which  probably  represents  the 
body  of  the  uterus.  While  the  mucous  membrane  of  the  comua 
is  thrown  into  longitudinal  folds,  that  of  the  body  of  the  uterus  is 
smooth.  What  is  usually  regarded  as  uterus  is  very  small, 
measuring  only  ^  an  inch  in  length  and  1^  inches  in  width.  It 
appears  to  me,  however,  that  this  space  represents  only  a  part  of 
the  uterus ;  the  body  and  that  which  has  been  heretofore  described 
as  vagina,  is  really  an  elongated  cervix  uteri ;  this  measures  6 
inches  in  length  and  1  inch  in  width.  Its  mucous  membrane  was 
elevated  into  seventeen  folds,  c,  which  are  situated  transversely 
to  the  long  axis  of  the  vagina,  and  which  resemble  valvulaj  conni- 
ventes.  These  folds,  on  an  average,  were  |  of  an  inch  in  breadth 
and  g  inch  in  height,  and  are  suMivided  by  indentations.  Every 
other  fold,  however,  alternates  in  reference  to  the  part  where  it 
was  most  developed.  Thus,  the  first,  third,  fifth  folds,  etc.,  were 
thickest  in  the  middle,  fading  away  at  the  sides  into  the  walls  of 
the  vagina,  whereas  the  second,  fourth  and  sixth  folds,  etc.,  were 
thickest  at  the  sides  of  the  vagina,  fading  away  towards  the  middle. 
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These  folds  are  disposed  in  rather  a  spiral  manner,  and  are  so 
closely  set  together  and  developed  that  the  cavity  of  the  tube  is 
almost  obliterated.  It  is  difficult,  indeed,  to  conceive  how  th^ 
penis  can  introduce  itself  if  this  is  the  vagina,  the  rugosities  being 
capable  of  offering  great  resistance.  The  folds,  however,  gradu- 
ally fade  away,  and  in  the  lower  four  inches  of  the  genital  tube 
the  mucous  membrane  is  smooth  or  slightly  folded  longitudinally. 
It  is  this  part  of  the  tube  which  appears  to  me  is  the  vagina.  It 
opens  into  the  genito-urinary  vestibule  by  a  distinct  aperture, 
through  which  a  probe  was  passed  without  difficulty.  According 
to  Gratiolet,^  the  vagina  was  imperforate.  The  female  urethra,  6, 
is  about  an  inch  long,  and  is  closely  connected  with  the  lower 
part  of  the  vagina,  the  openings  of  the  two  tubes  into  the  genito- 
urinary vestibule  being  situated  almost  next  to  each  other.  Just 
in  front  of  the  opening  of  the  vagina  a  ridge  is  seen,  and  on  either 
side  of  this  ridge  there  are  two  small  sinuses  in  which  the  orifices 
of  the  vulvar  vaginal  glands  open.  Externally,  the  vulva  appears  as 
a  circular  fleshy  mass,  14  inches  in  circumference, surrounding  and 
leading  into  the  genito-urinary  vestibule.  There  is  no  appearance 
of  external  or  internal  labia,  and  a  perinseum  can  hardly  be  said  to 
exist,  the  rectum  lying  directly  against  the  vulva.  Within  the 
vestibule  there  is  quite  a  large  sinus,  s  (next  to  the  rectum). 
There  was  nothing  particularly  noticeable  about  the  clitoris,  cZ, 
except  that  the  prepuce  was  very  well  developed. 

The  female  generative  apparatus  of  the  Hippopotamus  is  in 
every  respect  essentially  like  that  of  the  Peccary,  the  only  differ- 
ence being  in  the  relative  size  of  what  I  have  described  as  the 
body  and  neck  of  the  uterus.  The  body  of  the  uterus  in  the 
Peccary  being  relatively  larger  than  the  cervix.  The  peculiar 
disposition  of  the  mucous  membrane  in  folds  is  seen  in  the  cervix 
of  both  animals.  It  is  with  some  diffidence  that  I  have  ventured 
to  consider  as  cervix  the  part  of  the  genital  tube  usually  described 
as  vagina,  for  anatomists,  even  in  the  Peccary,  consider  the  rugose 
portion  of  the  tube  to  be  the  vagina.  Clark  ^  seems,  however,  to  have 
the  same  opinion  as  expressed  by  me,  as  to  the  homology  of  the 
parts.  The  two  teats  were  situated  in  the  inguinal  region,  and 
although  the  mammary  gland  was  but  little  developed  externally, 
on  section  the  milk-ducts  could  be  casil}'  recognized. 

*  Op.  cit.,  p.  401. 

'  Compare  op.  cit.,  p.  195. 
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Brain. — When  the  study  of  the  structure  of  an  animal  is  limited 
to  the  investigation  of  its  adult  condition,  without  any  reference 
to  its  mode  of  development  or  regard  to  its  natural  affinities  with 
closely  allied  or  even  remote  speeies,  much  will  Ihj  found  obscure, 
or  even  entirely  unintelligible  in  its  organization.  The  study 
of  the  brain  is  no  exception  to  this  general  rule.  Comparative 
anatomy  and  embryology  are,  indeed,  the  lamps  which  throw  light 
upon  the  darkness  of  cerebral  structure.  Taking  advantage  of 
the  methods  cultivated  with  such  success  by  Owen,^  Leuret-  and 
Gratiolet,  Kreug,'  etc.,  let  us  begin  our  study  of  the  brain  of  the 
Hippopotamus  by  first  considering,  as  suggested  by  Gar  rod,*  so 
far  as  is  known,  the  general  type  of  the  artiodactyle  braiu,  and 
then  ascertaining  the  amount  of  deviation  from  the  type  exhibited 
in  the  brain  of  the  different  genera.  Studied  in  this  way,  the.  brain 
of  the  Hippopotamus  will  prove  far  more  interesting  and  instruc- 
tive than  if  merely  described  topographically. 

According  to  Kreng  the  simplest  kind  of  ungulate  brain  is  to 


be  seen  in  the  embryo  of  the  Sheep,  Ovia  aries.  Figs.  1, 2,  3.  give 
diagrammatically  surface,  side  and  mesial  views  of  the  hemisphere 
of  the  same.  On  looking  at  the  surface  view  (fig.  1),  there  will 
be  observed  to  the  right  of  the  great  longitudinal  fissure  the 
coronal  fissure,  co,  anteriorly,  and  the  lateral,  /,  posteriorly,  and 
towaiTls  the  side  the  supra-sylvian,  .s«,  fissure  with  its  anterior, 
ascending,  descending,  and  posterior  branches.  In  addition  to 
these  fissures  may  he  seen  upon  the  side  view  (fig.  2),  the  sylvian 
fissure,  mc,  running  transversely  into  the  rhinal  fissures,  rh^ 
the  diagonal,  J,  and   the  postiea,  p.     The  calloso  marginal,  sp, 

^  Com.  Anat.  of  Vertebrates,  vol.  iii,  p.  115. 
^  Anatomie  Compar^*e  du  Systeme  Nevveux. 
^  Zeit.  fiir  wiss.  Zoologie,  Leipzig,  1878.    Band  31. 
*  Op.  oit.,  p.  12. 
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genial,  gr,  and  hippocampal,  h^  are  seen  on  the  mesial  surface 
(fig.  3).  Let  us  suppose,  now,  that  that  the  calloso  marginal  from 
the  mesial  surface  and  the  ascending  branch  of  the  supra-sylvian 
blend  with  the  coronal  and  that  at  the  same  time,  while  the  des- 
cending branch  of  the  supra-sylvian  lengthens,  the  posterior  limit 
shortens,  we  shall  transform  the  typical  ungulate  brain  into  that 
of  the  Pig,  Sua  acro/a.  On  the  other  hand,  should  tlie  posterior 
branch  of  the  supra-sylvian  lengthen  while  the  descending  branch 
shortens,  the  result  will  be  the  brain  of  the  Cotylophova.  The 
Peccary,  Dicotyles^  differs  from  the  Pig  in  that  the  calloso  mar- 
ginal only  joins  the  coronal,  and  that  often  at  least,  the  des- 
cending branch  of  the  supra-sylvian  is  wanting.  In  most  of  the 
Cervidie  the  ascending  limit  of  the  supra-sylvian  runs  into  coronal. 
From  this  brief  resum^  it  will  be  seen  that  fundamentally  the 
brain  is  constructed  on  the  same  pattern  in  the  Pig,  Peccary,  Sheep, 
Camel,  Giraffe,  Deer,  etc. 

Let  us  now  try  to  show  that  the  brain  of  the  Hippopotamus 
does  not  essentially  differ  from  the  typical  ungulate  brain  to  a 
greater  extent  than  that  of  the  animals  just  referred  to.  The 
most  striking  feature  of  the  brain  of  tiie  Hippopotamus,  viewed 
from  its  upper  surface,  is  tlie  deep  fissure,  I  co  (PI.  XVI),  that 
runs  from  the  posterior  to  tlie  anterior  part  of  the  brain,  and 
rather  in  an  oblique  direction,  being  situated  nearer  the  great 
longitudinal  fissure  anteriorly  than  posteriorly.  This  fissure 
serves  to  divide  the  upper  surface  of  the  hemisphere  into  two 
parts,  very  much  as  the  interparietal  fissure  does  in  man ;  compared 
with  the  type  of  the  ungulate  brain,  this  fissure  is  evidently  due, 
as  suggested  by  Garrod,^  to  the  lateral  and  coronal  fissures  running 
into  each  other,  which  I  find  tliey  almost  do  in  tlie  Camel,  Giralle, 
Deer  and  Ox.  On  the  right  side  of  tiie  Hippopotamus'  brain 
examined  by  me,  this  fissure  runs  farther  forward  tiian  on  tlie 
left.  In  the  ungulate  brain  there  are  usually  found  between  the 
lateral  fissure,  that  is,  the  posterior  part  of  the  fissure  just  de- 
scribed, and  the  great  longitudinal  fissure,  one  or  two  secondary 
longitudinal  fissures.  On  the  left  side  of  the  brain  in  the  Hippo- 
potamus a  secondary  longitudinal  fissure  may  be  seen,  extending 
forward  to  about  the  usual  extent,  but  on  the  right  side  this,  m  I 
(PL  XYI),  runs  forward  anteriorly  until  it  passes  between  the  coro- 
nal and  the  great  longitudinal  fissures.    In  this  respect  my  specimen 

*  Op.  cit.,  p.  15. 
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differs  from  that  figured  by  Oarrod.^  In  the  brains  of  the  Llama 
and  Giraffe  these  secondary  longitudinal  fissures  are  often  found 
both  anteriorly  and  posteriorly,  and  are  almost  continuous  with 
each  other ;  on  the  other  hand,  in  the  brain  of  the  Peccary  used 
by  me  for  comparison,  the  secondary  longitudinal  fissure,  usually 
found  posteriorly,  is  absent.  The  sylvian  fissure  in  my  Hippo- 
l>otamus  is  quite  evident,  and  within  it  I  noticed  a  rudimentary 
island  of  Reil.  This  fissure  on  the  right  side  differs  from  that  de- 
scribed by  Garrod,  in  that  it  is  quite  distinct  from  the  Rhinal 
fissure,  there  is,  however,  posteriorly  a  little  connecting  branch 
between  the  two.  I  identified,  as  Garrod  ,2  on  the  left  side  of  the 
brain  the  supra-sylvian  fissure  with  its  branches,  but  these  were 
not  well  matched  on  the  right  side.  On  the  mesial  surface  the 
calloso  marginal  sent  up  a  fissure  which  nearly  reached  the  latiro 
coronal  and  terminated  in  the  genial. 

As  is  usually  the  case  in  the  artiodactyle,  there  was  a  secondary 
fissure  between  the  corpus  callosum  and  the  calloso  marginal. 
The  minor  convolutions  of  the  brain  of  the  Hippopotamus  are  not 
very  numerous.  Indeed,  the  brain  is  much  less  convulated  than 
those  of  the  Giraffe,  Llama,  or  even  the  Peccary,  used  by  me  for 
comparison ;  in  the  general  form  of  its  hemispheres  the  brain  of 
the  Hippopotamus  resembled  that  of  the  Giraffe ;  the  cerebellum, 
however,  differed  from  that  of  the  Giraffe,  Peccary,  and  other 
artiodnetyles  in  that  its  largest  diameter  was  transverse,  whereas, 
in  the  animals  just  mentioned,  the  largest  diameter  of  the  cere- 
bellum was  antero  posterior ;  the  latter,  however,  seems  to  be  the 
case  in  the  3'oung  Hippopotamus,  at  least  judging  from  Gratio- 
let's  ^  figure.  In  the  adult  the  cerebellum  resembled  more  that  of 
the  Manatee  than  that  of  the  Artiodactyle.  As  the  descnption 
and  figures  of  the  brain  of  the  Hippopotamus  given  bj'  Gratiolet  * 
and  Garrod  *  are  limited  to  the  surface,  it  appeared  to  me  ver^' 
desirable  that  the  interior  of  the  ventricle  should  be  exposed  and 
figured.  On  making  the  section,  I  found  a  septum  lucidum.  The 
lateral  ventricle  was  very  large,  recalling  to  my  mind  that  of  the 
Manatee,  dissected  by  me  some  years  since.  According  to  Macal- 
ester's  figure  the  ventricle  is  also  large  in  Gh<Bropsis.     The  general 

»  Op.  cit.,  Plate  III,  fig.  1.  »  Op.  cit,  Plate  IV,  fig.  8. 

'  Op.  cit.,  fig.  2,  PI.  XII.  *  Op.  cit.,  p.  317,  PI.  XII. 

^  Op.  cit.,  p.  14,  figs.  1,  2,  PI.  8;  figs.  1,  2,  8,  PI.  4. 
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appearance  and  size  of  the  corpus  striatum,  «,  taenia,  thalamus 
opticus,  0,  and  hippocampus  major,  when  compared  side  by  side 
with  the  corresponding  parts  of  the  Manatee,  resembled  these 
more  than  they  did  those  of  the  Giratfe,  Llama,  Peccary-,  etc.  Of 
the  corpora  quadrigemina  in  the  Hippopotamus,  the  testes,  /, 
wei-e  broader  than  the  nates,  n,  and  less  rounde<l  in  shape.  ^ 

If  the  above  description  of  the  brain  of  tiie  Hippopotamus  be 
correct,  it  follows  that  the  general  form  of  its  hemispheres,  tiie 
arrangement  of  its  fissures,  etc.,  deviate  but  little  from  the  t3'pical 
ungulate  brain,  while  the  capaciousness  of  its  ventricles,  the  form 
of  its  basal  ganglia,  and  the  cerebellum,  resemble  rather  those  of 
the  brain  of  the  Manatee. 

Sweat  Olands, — As  is  well  known,  Avlien  the  Hipi)opotamus 
comes  out  of  the  water  there  exudes  from  the  skin  a  pinkish, 
reddish  secretion,  which  quickly  dries  up  and  does  not  reappear 
until  the  animal  comes  out  of  the  water  again.  This  secretion 
has  probably  given  rise  to  the  name  blood-sweating  Behemoth, 
by  which  the  Hippopotamus  is  often  known  among  showmen. 
This  secretion  was  first  examined  by  Tomes,*  who  stated  that  it 
consisted  of  a  transparent  fluid  containing  colorless  and  red- 
colored  corpuscles,  the  color  of  the  secretion  being  due  to  tiie 
solution  of  the  latter.  Crisp**  examined  and  figured  the  glands 
supposed  to  produce  this  secretion.  It  Avill.be  remembered  that 
his  specimen  was  burnt  to  death,  and  it  was  to  be  expected,  tiiere- 
fore,  that  the  skin  was  atfected.  For  this  reason  I  requested  that 
admirable  microscopist,  Dr.  J.  Gibbons  Hunt,  to  examine  tiie  skin 
of  my  Hippopotamus,  and  I  give  his  result  in  his  own  words  : 

"  I  put  in  a  camera  lucida  sketch  of  the  blood-gland  (fig.  4) 
of  the  Hippopotamus  magnified  25  diameters.  It  has  no  limiting 
membrane,  but  bioplasts  or  nuclei  of  the  usual  apparent  form 
make  up  the  entire  gland.  In  the  centre  these  gland-cells  are  loosely 
arranged,  thus  allowing  the  contents  to  escape,  perhaps,  like  com- 
mon sweat  glands  do,  in  which,  similarly,  there  is  no  external  or 
internal  membrane;' ' 

The  contents  of  the  gland-cells  loosely  arranged  in  the  centre 
are  probably  the  corpuscle,  the  solution  of  which,  according  to 

'  Peters  gives  in  Monatsberichte  of  Berlin  Acad.,  1854,  a  brief  description 
of  the  brain  of  the  Hippopotamus,  but  unfortunately  not  illuRtrated. 
»  Proc.  Zool.  Soc.  of  London,  1830. 
»  Op,  cit.,  p.  602. 

11 
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Tomes,  gives  nee  to  the  color.  The  Icn^li  of  the  blood  gland 
mc&Bured  I'j  of  an  inch  in  width  the  ^  of  an  inch,  the  length  of 
the  duct  ^  of  an  inch- 
In  many  parts  of  the  skin 
these  glands  are  absent, 
and  when  present  are  situ- 
ated atK>iit  the  ^g  of  an 
inch  below  the  surface. 

A  most  striking  feature 
in  the  skin  of  the  Hippo- 
potamus is  the  great  de- 
velopment of  the  tibrans 
tissue  of  the  corium.  This 
is  disposed  in  great  bands, 
which  arc  bo  interwoven 
with  each  other  as  to  give 
tlie  appearance  of  a  fabric. 
Rfjiecliont. — In  conclu- 
ding tlicae  observations, 
it  may  not  appear  super- 
fluous to  briefly  consider 
wluit  appears  to  me  to  be 
the  natural  afflnities-of  the  Hippopotamus  with  the  Ungidata  or 
other  mammalia.  In  observing  the  Manatee  that  lived  for  several 
months  in  the  Philadelphia  Zoological  Garden,  the  manner  in 
whicii  it  rose  to  the  surface  of  the  water  to  breathe  reminded  me 
often  of  ttie  Hippopotami  that  I  watched  in  th<:  Zoological 
Garden  of  London  and  the  Jardin  des  Plantcs  in  Paris.  The 
slow  way  in  which  the  animals  rise  to  the  surface,  tlie  motionless 
pose  of  the  almost  sunken  body,  the  nostrils  often  just  appearing 
at  the  surface,  etc.,  are  very  much  alike  in  both  animals.  In 
speaking  of  the  alimentary  canal,  I  called  attention  to  the  stomach 
of  the  Manatee  representing  the  stomach  of  the  Hippopotamus  in 
an  atr[<phie<l  condition,  while,  on  the  other  liand,  the  stomach  of 
the  Hippopotamus  is  intermediat«  between  the  Peccary  and  the 
Ruminants.  An  regards  the  heai-t,  it  will  be  remcmtiered,  that  in 
the  young  Hippopotamus,  at  least,  it  is  bifid,  resembling  in  this 
respect  that  of  the  Manatee.  The  female  generative  apparatus  of 
the  Peccary  and  Hippopotamus  are  almost  identical.  Again,  the 
sexual  vesicles  are  foiiml  in  both  Hippopotamus  and  Mao&tee. 
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While  the  placenta  does  not  appear  to  me  to  have  the  importance 
attached  to  it  by  some  authors  as  a  guide  in  determining  the 
affinities  of  animals,  it  is  proper  to  mention  in  this  connection  that 
according:  to  Milne  Edwards^  and  Garrod*  the  placenta  of  the 
Hippopotamus  is  diffuse  and  appears  to  be  non-deciduous,  and  such 
is  the  case,  according  to  Harting,'  in  the  Dugong,*  and  therefore 
in  the  Manatee,  probably,  for  as  a  matter  of  fact  the  placentation 
of  the  Manatee  is  unknown. 

While  the  brain  of  the  Hippopotamus  appears  to  be  a  modifi- 
cation of  a  type  common  to  the  Pig,  Peccary,  Sheep,  Ox,  Giraffe, 
etc.,  it  has  also,  it  seems  to  me,  affinities  with  that  of  the  Manatee. 
In  a  word,  then,  beginning  with  the  Pig,  we  pass  by  an  easy  transi- 
tion to  the  Peccary,  which  leads  to  the  Hippopotamus,  and  thence, 
in  diverging  lines,  to  the  Ruminantia  on  the  one  hand,  and  the 
Manatee  on  the  other.  Paleontologists  have  not  discovered  a 
form  which  bridges  over  the  gap  between  the  Hippopotamus  and 
the  Manatee,  but  it  will  be  remembered  that  certain  fossil  bones, 
considered  by  Cuvier*  to  have  belonged  to  an  extinct  species  of 
Hippopotamus,  H.  mediu8,fiTe  regarded  by  Gervais*as  the  remains 
of  the  Halith^rium  fossile,  an  extinct  Sirenean,  of  which  order  the 
Manatee  is  a  living  representative.  According  to  Prof.  Owen,^ 
the  molar  teeth  also,  both  in  the»  Halitherium,  and  the  Felsino- 
therium^^  another  Sirenean,  are  constructed  on  the  same  pattern 

*  Physiologic,  Tome  9,  p.  56. 

«  Proceed.  Zool.  Soc.,  1872,  p.  821. 

'  Tijdschrift  der  Nederlandsche  Dierkundige  Vereenigung,  Deol  iv,  1S79, 
p.  1. 

*  Dr.  Hartung,  in  his  very  valuable  paper  on  the  placenta  of  the  Dugong, 
jost  referred  to,  describes  and  figures  bodies  attached  to  the  blood-vessels 
resembling,  apparently,  very  much  those  of  the  placenta  of  the  Elephant. 
His  figure  (7)  shows  that  the  cavity  of  the  vessel  communicates  with  that 
of  the  body  attached  to  it  Dr.  Hailing  inquires  whether  such  is  the  case 
in  the  Elephant.  I  will  state  in  reply,  that  neither  Dr.  J.  Gibbons  Hunt 
nor  myself  found  any  such  continuity  between  the  vessel  and  body  in  the 
placenta  of  the  Elephant.  These  oval  bodies  in  the  Elephant  are  not  sacs 
or  cavities,  the  little  branches  from  the  main  vessel  only  ramify  through 
their  substance.  There  seemp,  then,  to  be  an  essential  difference  between 
the  oval  bodies  in  the  placenta  of  the  Elephant  and  in  that  of  the  Dugong. 

^  Ossemens  Fossiles,  II,  p.  492. 

*  Paleontologie  Francaise,  p.  143. 

^  Geological  Magazine,  1875,  p.  423. 

^  De  Zigno,  Sopra  un  nuovo  suienio  fossile.  Reale  Acad,  del  Lincei, 
1877-78. 
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as  tliose  of  the  Hippopotamus.  It  is  proper  to  mention,  however, 
that  the  same  distinguished  observer  considers  the  teeth  of  the 
Manatee  and  the  Prorastomus^  another  extinct  Sirenean,  to  be 
rather  allied  to  those  of  the  Tapir  and  Lophiodon^  but  this  quali- 
fication does  not  really  invalidate  the  supposed  affinities  between 
the  Sirenea  and  the  Hippopotamus.  For  the  Artiodactyla  and 
Perisodaotyla  are  probably  otfshoots  of  a  common  stock,  and 
hence  we  may  expect  to  find  in  these  two  groups  certain  characters 
common  to  both,  inherited  from  their  Lophiodon  and  Coryphiodon- 
like  ancestors.  The  affinities  of  the  teeth  of  the  Manatee  with 
those  of  the  Tapir — the  first  an  embryonic  Artiodactyle,  the 
second  a  generalized  Perisodact3'le — would  be  examples  of  the 
above  view.  I  do  not  mean  to  implj'  that  the  Manatee  has  neces- 
sarily descended  directly  from  the  Hippopotamus,  though  extinct 
intermediate  forms  may  in  the  future  show  this  to  be  so,  for 
possibly'  they  may  be  the  descendants  of  a  common  ancestor.  To 
many  such  si)eculations  may  appear  mere  waste  of  time,  we  being 
unable,  from  the  nature  of  the  case,  to  experimentally  prove  or 
disprove  the  truth  of  the  h^-pothesis  advanced.  It  seems  to  me, 
however,  that  the  only  explanation  of  the  structure  of  the  living 
forms  and  of  the  petrified  remains  of  the  animals  referred  to  in 
these  observations  is  the  hypotjiesis  of  there  being  some  generic 
connection  between  them. 
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June  14. 

The  President,  Dr.  Ruschenbebqer,  in  the  chair. 
Twenty-one  persons  present. 

A  paper  entited  "  Notes  on  the  Tertiary  Geology  of  the  South- 
em  United  States,"  by  Angelo  Keilprin,  was  presented  for  pub- 
lication. 

The  death  of  Baron  Maximilicn  de  Chaudoir,  a  correspondent, 
was  announced. 

Some  neic  Oenera  of  Fresh  Water  Sponges, — Mr.  E.  Potts  re- 
ferred to  a  recent  paper  by  IT.  J.  Carter,  F.  R.  S.,  (Ann.  Mag. 
Nat.  Hist.,  Feb.  1881,)  entitled,  *' The  History  and  Classification 
of  the  Known  Species  of  Spongilla^^^  in  which  the  writer  has  dis- 
tributed the  species,  heretofore  grouped  under  one  generic  title, 
among  five  genera,  founded  upon  the  differences  in  form  and  ar- 
rangement of  the  spicula?  surrounding  the  statospheres.  He 
spoke  of  the  arrangement  as  a  timely  step  well  taken  in  ad- 
vance, in  the  history  of  this  branch  of  the  animal  kingdom. 

He  believed  that  the  characteristics  of  the  statospheres  and 
their  spiculaj  were  those  which  furnished  the  only  reliable  dis- 
tinctions among  fresh  water  sponges ;  but  the  recent  discovery  of 
novel  forms  in  American  waters  had  already  required  an  increase 
in  the  number  of  genera  and  seemed  to  make  it  desirable  to 
modify  the  terms  of  some  of  those  already  established. 

In  illustration  he  referred  to  several  forms  observed  in  this 
neighborhood,  resembling  in  many  points  the  English  S]x>ngilla 
lacustris,  (taken  as  a  type  of  the  genus  Spongilla  in  the  new  ar- 
rangement), in  which,  however,  the  spiculoe  were  not  acerate,  but 
irregular  in  shape ;  were  not  placed  "  tangentially  "  upon  the 
surface ;  or  were  altogether  wanting.  Specific  names  were  suggested 
for  these,  but  were  held  under  advisement,  awaiting  a  decision  as 
to  whether  it  would  be  better  to  create  new  genera  for  tiiem  or  to 
enlarge  the  scope  of  those  already  defined  by  Dr.  Carter. 

The  two  new  genera  already  decided  upon  were  then  described. 
Under  the  generic  head  Mej/enia,  Dr.  Carter  has  grouped  those 
species,  in  which  the  statosphere  is  surrounded  by  birotulate 
spicuhe,  radiately  arranged  ;  one  disk  resting  upon  the  surface. 
Throughout  the  genus  as  already  constituted,  the  shafts  of  these 
spicules  arc  of  a  nearly  uniform  length  ;  and  the  outer  disks  nearly 
or  quite  touching  at  their  edges  give  the  appearance  of  a  second 
coat  to  the  statosphere.  In  two  species,  however,  observed 
by  Mr.  Potts  last  summer,  this  uniform  series  was  broken  by 
another,  of  about  double  their  length,  much  fewer  in  number, 
somewhat  regularly  arranged,  interspersed  among  them.     He 
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proposed  to  group  those  under  the  genus  Heteromeyenia,  as  77. 
argyroHperma  and  H,  rejyenn  ;  suggesting  that  the  latter  may  pos- 
sibly be  the  same  as  Bowerbank's  Spongilla,  now  Meyenia  Baileyi, 

Another  new  genus  had  been  formed  and  de<licated  to  I)r. 
Carter  under  the  name  Carter ella^  to  include  the  singular  form 
described  by  the  speaker  last  year  in  the  Proceedings  of  the  Acad- 
em3%  and  then  called  S]X)7igiIla  (entattperma ;  changed  lat<*r  to 
S.  tenoaperma.  The  distinguishing  peculiarity  of  this  genus  is 
that  the  tube  surrounding  the  foramen  of  the  statosphere  is 
elongated  and  divides  into  2-5  long,  curling  or  twisted  tendrils  by 
means  of  which  during  the  winter  the  statosphere  remains  attached 
to  the  stems  or  roots  upon  w^hlch  the  sponge  had  grown.  This 
will  now  be  Carterella  tenosperma. 

A.  second  8j)ecie8  has  been  added  to  this  genus,  the  discovery 
of  Professor  Kellicott  and  Mr.  Henry  Mills,  of  Buffalo,  under  the 
name  of  Carterella  tulmperma.  In  this,  the  tube  is  much  longer 
than  in  an}'  sponge  heretofore  described,  terminating  in  several 
straggling,  rather  weak  tentacles  much  shorter  than  in  the  former 
species.  The  birotulate  spiculuc  in  the  two  forms  are  quite  differ- 
ent, and  the  species  are  unquestionably  distinct. 


June  21. 

The  President,  Dr.  Rusouenbergeb,  in  the  chair. 
Nineteen  persons  present. 


June  28. 

The  President,  Dr.  Rusghenberger,  in  the  cliair. 

Fifteen  persons  present. 

Jerome  Gray  was  elected  a  member. 

M.  S.  Bebb,  of  Rockport,  111.,  and  Chas.  S.  Sargent,  of  Brook- 
line,  Mass.,  were  elected  correspondents. 
The  following  was  ordered  to  be  printed : 
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K0TE3  ON  THE  TEBTIABT  OEOLOOT  OF  THE  BOUTHERN  UIVITSD  STATES. 

BT   ANQELO   HEILPRIN. 

• 

In  the  following  notes  the  author  makes  no  pretense  at  unravel- 
ling the  many  knotty  points  connected  with  the  Tertiary  geology 
of  the  southern  United  States ;  he  has  merely  brouglit  together 
such  facts,  old  and  new,  and  certain  conclusions  drawn  from  these 
fisu^ts,  as  may  possibly  serve  to  facilitate  the  inquiry  into  this  as 
yet  imperfectly  known  branch  of  American  geological  histor}'.  It 
is  with  this  view  of  rendering  the  material  treating  of  the  subject 
more  accessible  to  the  working  geologist  that  some  of  the  pub- 
lished sections  are  here  reproduced. 

A  convenient  starting-point  in  Eocene  stratigraphy  is  afforded 
by  the  famous  bluff  exposed  on  the  Alabama  River  near  Claiborne, 
Ala.,  and  which  has  yielded  the  fossils  known  to  geologists  and 
paleontologists  as  those  characteristic  of  the  ^'  Claiborne  Group." 

Section  of  Claiborne  Bluff, — Probably  the  most  trustworthy 
section  of  this  bluff  is  that  afforded  by  Tuomey  ("  First  Biennial 
Report  of  the  Oeology  of  Alabama,"  1850,  p.  152),  as  follows : 


9 

Red  sand,  loam,  and  pebbles. 

Feet. 
80 

f 

Mottled  day. 

8 

Limestone,  with  grains  of  green  sand. 

54 

d 

Ferruginous  sand ;  numerous  fossils. 

1 
e 

b 

1 

Whitish  limestone. 

62 

Bed  of  clay  15  feet  thick,  with  seam  of  limestone  on  top. 

15 

Note.  —Tuomey  does  not  give  the  thickness  of  bed  "d,"  but  it  appears 
from  the  concurrent  statements  of  different  observers  to  be  about  17  feet. 
The  total  height  of  the  bluff  above  the  Alabama  River  would  therefore 
appear  to  be  in  the  neighborhood  of  100  feet. 
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The  measurements  and  descriptions  of  Conrad  ("  Fossil  Shells 
of  the  Tertiary  Formations,"  1833,  p    32 ;   Proceedings  of  the 
National  Institution,  1841.  p.  174),  Hale   ("  Geolog}'  of  South 
Alabama,"  American  Journal  of  Science,  new  ser.,  YI,  p.  354), 
and  L^'ell  (Journal  of  the  Geological  Society,  IV,  p.  10,  et  seq.) 
do  not  differ  very  essentially  from  the  data  given  by  Tuomey. 
The  arenaceous  bed  "rf,"  about  80  feet  above  water  level,  has 
yielded  the  vast  majority  of  the  fossils  for  which  the  localitj'  is 
famous,  and  is  that  which  has  been  identified  ^s  the  equivalent  of 
the  "  Calcaire  Grossier  "  (Upi>er  Eocene)  of  France  (et  cojiseq., 
Bruxellian  of  Belgium,  and   Bartonian  of  England).     To   what 
extent  the  deposits  either  below  or  above  this  bed  can  be  cor- 
related witli  tlie  remaining  dejjosits  of  the  Paris  or  London  series 
has  not  yet  been  determined ;  nor  has  it  yet  been  conclusivel}' 
shown  what  exact  portion  of  the  American  Eocene  formation  is 
represented  in  this  Claiborne  exposure.     Although  formerly  con- 
sidered to  l>e  near  tlie  base  of  the  system,  there  are  now  ver3' 
strong  grounds  for  conchiding  that  these  beds  are  underlaid  b}' 
older  Eocene  strata  having  a  thickness  of  at  least  200  feet,  and 
possibly  even  much  more.     The  age  of  the  limestone  bed  *'  c," 
althougli  perhaps  the  character  of  its  contained  fossils  does  not 
permit  absolute  determination,  is  in  all  probability  Jacksonian — 
at  least  in  part — and  will  doubtless  Ije  found  to  correspond  with  a 
portion  of  the  bluff  exposed  at  St.  Stephen's  on  the  Tombigbee 
River,  about  thirty  miles  almost  due  west  of  Claiborne.     At  any 
rate,  a  portion  of  the  white,  or  so-called  "  rotten  "  limestone  im- 
mediately west  of  Claiborne  has  been  found  to  contain  several  of 
the  characteristic  fossils  of  the  Jackson  group,  and  these  asso- 
ciated with  the  remains  of  Zeuglodon ;  there  is,  therefore,  no 
doubt  as  to  the  age  of  at  least  this  portion  of  the  white  limestone, 
nor  can  there  be  any  reasonable  doubt  as  to  the  continuity  existing 
between  these  deposits  and  the  similar  ones  exposed  on  Claiborne 
bluff. 

Section  on  Bashia  Creek ^  Clarke  Co, ^  Ala, — Probabl}- the  section 
representing  the  oldest  Eocene  deposits  of  the  State  of  Alabama 
is  that  exposed  on  Bashia  Creek,  Clarke  Co.,  and  detailed  by 
Toume}'  in  his  report  on  the  geology  of  the  St^te  (First  Biennial 
report,  p.  145) : 
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Hard  Limestone. 


2 


Marl,  highly  fossiliferous. 


8  :     Blue  sand. 


4  !     Lignite  and  clay. 

5  Laminated  clay,  sand,  and  mud. 

6  ,     Lignite. 


4  feet. 


25  feet. 


Variable. 


G  feet. 


Thickness  undetermined, 
do.  do. 


Note  — Bods  5  and  6  do  not  properly  belong  to  the  section,  but  "repre- 
sent beds  seen  on  another  part  of  the  stream  below  the  preceding  ''  (Tuo- 
mey,  loc,  cit,,  p.  146). 

Beds  corresponding  to  No.  "  2  *'  of  the  above  section  are  like- 
wise  expos^ed   on    Cave   and    Knight's   branches,  tributaries   of 

• 

Bashia  Creek,  and  have  been  shown  by  Dr.  Eugene  A.  Smith  to 
underly  the  base  of  the  "  Buhrstone ''  proper  by  nearly  (if  not 
more  than)  200  feet  (Heilprin,  "  Proc.  Acad  Nat.  Sciences  of 
Philadelphia,"  1881,  p.  369).  The  relations  of  these  various  beds 
will  be  best  understood  by  a  reference  to  the  sections  exposed  on 
the  Tombigbee  River. 

*  Sections  on  the  Tombigbee  River, — At  Wood's  Bluff,  near  the 
mouth  of  Basliia  Creek,  we  have  the  following  exposure  :  * 


No. 

7 

6 

Orange  sand,  or  stratified  drift. 

Feet. 
10-20 

10 

2 

5 
8 

8 

Grayish  or  greenish  laminated  clays,  colored  brown  by 
iron. 

5 

1 

Ledge  of  bluish  or  greenish  sand,  fossiliferous -capped 
by  a  ledge  of  hard  nodules. 

!     4 

1 

Bluish  laminated  clay,  with  few  fossils. 

8 

Indurated  fn*eenish  sand,  full  of  the  same  shells  as 
marl  bed  No.  2. 

2 

1 

Greensand  marl,  quite  soft,  and  full  of  shells. 

Indurated   greensand   with   shells,  and  a  stratum  of 
oyster  shells  at  water's  edge- said  to  extend  10  feet 
further  down. 

10-15 

*  I  am  indebted  to  the  kindness  of  Dr.  Eugene  A.  Smith,  State  Geologist 
of  Alabama,  for  the  use  of  this  heretofore  unpublished  section. 
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Bed  No.  4  of  the  preceding  section  is  considered  by  Dr.  Smith 
to  be  most  closelv  related  in  the  character  of  its  fossil  remains  to 
the  fossiliferoiis  strata  exposed  on  Cave  and  Knight's  branches, 
and  it  is  therefore  not  unlikely  that  the  series  1^  corresponds  in 
the  main  with  No.  2  of  Tuomey 's  Bashia  section.  The  basal  lignite 
would  then  probably  be  found  to  underly  the  lowest  stratum 
exhibited  at  the  Bluff  (Heilprin,  loc.  ciY.,  p.  36T-8;.  Be<l  No.  6 
(Wood's  Bluff  section )  can  be  traced  down  the  river  for  a  distance 
of  two  to  three  miles,  when  it  dips  beneath  the  water's  level. 
Somewhat  below  this  point,  and  bej^ond  the  mouth  of  Witch 
Creek,  the  stratigraphical  relation  of  the  different  beds  is  beauti- 
fully exhibited  in  a  prominent  cliff  ("White  Bluff'-;,  rising  from 
250  to  275  feet  above  the  river.  The  upper  i)ortion  of  this  bluff 
is  constituted  by  the  characteristic  siliceous  clay-stones  and  silici- 
fied  shell  deposits  of  the  southeni  "  Buhrstone  ''  formation,  which 
make  up  fully  100  feet  of  the  vertical  height.  Laminated  lignitic 
clays  (bearing  numerous  leaf  impressions),  with  occasional  inter- 
calated beds  of  pure  lignite,  enter  mairl}'  into  the  composition  of 
the  intermediate  portion,  ?*.  «.,  from  the  water's  level  to  the  base 
of  the  buhrstone  above  mentioned.  Allowing  a  uniform  southerly 
dip  of  10  feet  to  the  mile,  which  appears  to  be  consistent  with 
obtained  data,  it  is  manifest  that  at  this  point  the  lower  fossiliferous 
strata  exposed  at  Wood's  Bluff  (and  consequently,  the  equivalent 
deposits  on  Bashia  Creek  and  its  tributaries,  Cave  and  Knight *8 
branches)  must  lie  from  175  to  200  feet  below  the  base  of  the 
siliceous  mass  constituting  the  true  buhrstone ;  or,  in  other  words, 
we  have  here  a  series  of  deposits  aggregating  about  300  feet  in 
thickness,  which  can  be  shown  to  be  of  an  age  antenor  to  the  deposi- 
tions of  the  Claiborne  fossiliferous  sands.  At  Baker's  Bluff,  a  few 
miles  above  St.  Stephen's  (which  is  situated  about  twenty-eight 
miles  south  of  Wood's  Bluff ;,  the  buhrstone,  according  to  Tuomey, 
appears  in  a  vertical  escarpment  rising  only  50  feet  above  the 
water,  a  low  height  perfectly  in  accordance  with  the  loss  occa- 
sioned by  the  general  dip  extending  over  nearlj-  twenty  miles. 
At  this  point,  moreover,  and  occupying  a  position  above  the 
buhrstone,  Tuomey  {loc.  ciY.,p.  148)  identifies  a  bed  of  green  sand 
(8  feet  in  thickness)  as  the  equivalent  of  the  Claiborne  fossilifer- 
ous sands  "  d  "  of  his  section),  and  containing  numerous  fossils 
identical  with  those  found  at  Claiborne.  Still  further  south,  and 
occup3'ing  a  considerablj''  lower  level,  the  same  bed  is  described 
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as  having  an  extent  of  12  feet,  and  immediately  above  St.  Ste- 
phen's, was  seen  to  dip  beneath  the  water*s  edge.  At  this  last 
locality  we  have  a  beautiful  exhibit  of  what  has  generally  been 
designated  by  the  name  of"  White  Limestone."^ 

There  can  be  not  the  least  doubt,  however,  that  this  "  White 
Limestone,j|  which  has  most  frecjuently  been  taken  to  represent 
strata  of  Yicksburg  age,  is  in  reality,  as  lias  been  insisted  upon  by 
Winchell  (Proceedings  of  the  American  Association,  1856,  Part  II, 
p.  85),  a  combination  of  strata  belonging  to  two  distinct  (at  least, 
as  now  recognized)  groups  of  deposits.  The  lower  moiety, 
dipping  into  the  river,  and  resting  upon  the  subjacent  Chiiborne 
sands  ( Tuomey,  loc,  cit,^  p.  157 ;  Lyell,  Journal  Geol.  Soc,  Lon- 
don, IV,  p.  15 ;  Hale,  A.  J.  Science,  new  ser.,  VI,  p.  359)  is  the 
true  "White  Limestone,"  an  exponent  of  the  Jacksonian  group 
of  deposits,  as  may  be  inferred  from  its  position,  and  the  charac- 
ter of  its  contained  fossils.^  Moreover,  were  it  otherwise  the 
case,  it  would  have  been  very  diificult  to  explain  the  total  disap- 
pearance over  a  distance  of  only  thirty  miles  (and  with  but  ex- 
ceedingl}'  moderate  dip)  of  the  equivalent  beds  exposed  on  the 
Alabama  River  at  Claiborne.  The  upper  moiety,  on  the  other 
hand,  is  a  portion  of  the  well  known  Orbitoide  (Vicksburg  or 
Oligocene)  rock,  and  is  that  which  alone  contains  specimens  of 
OrMtoides  Mantelli  (Wincliell,  loc.  ciL^  p.  85). 

From  the  data  herewith  presented,  a  section  of  the  Tertiary 
strata  traced  along  the  Tombigbee  River  from  Wood's  Bluff  to 
St.  Stephen's,  may  probably,  with  considerable  approach  to  truth, 
be  constructed  as  follows : 

m 

*  I  have  been  unable  to  discover  the  exact  height  of  this  bluff.  Neither 
Lyell  nor  Toumey  mentions  it ;  Conrad,  in  the  appendix  to  Morton's  **  Sy- 
nopsis" (p.  23),  states  it  is  about  100  feet. 

'  SpsndyluB  dumom$  and  Oitrea  panda,  originally  described  as  charac- 
teristic fossils  of  the  Newer  Cretaceous  (upper  Eocene)  deposits  of  the 
southern  United  States,  have  been  found  abundantly  near  the  base  of  the 
bluflf. 
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An  examination  of  the  foregoing  section  shows  almost  conclu- 
sively that  the  Eocene  deposits  of  Alabama  have  a  thiciiness  of 
very  nearly  400  feet;  and,  indeed,  I  am  informed  by  Dr.  Smith 
that  there  are  good  grounds  for  supposing  that  Tertiary  beds 
exist  in  the  northern  part  of  the  State,  whose  position  would  be 
still  150-180  feet  below  the  Wood's  Bluff  marl  bed.  It  will  fur- 
ther be  seen  that  the  Claibomian  (or  Claiborne  proper,  as  charac- 
terized by  the  fossiliferous  greensands)  holds  a  position  decidedly 
near  the  top  of  the  series,  a  position  almost  precisely  similar  to 
that  occupied  by  the  "  Calcaire  Grossier ''  (Parisian)  of  France, 
and  more  properly  Upper  than  Middle  Eocene,  which  last  it  has 
very  generally  been  considered.  What  relation  beds  ''  b "  and 
"  c  "  of  the  Claiborne  Bluff  holds  to  the  sulvClaibornian  (''  Buhr- 
stone  "  in  part)  deposits  of  the  Tombigbee  River  has  not  yet  been 
absolutely  determined ;  but  there  can  probably  be  no  legitimate 
doubts  that  they  represent,  in  a  modified  form',  the  upper 
moiety  of  those  deposits.  Although  the  marked  difference  in 
the  lithological  character  of  the  strata  of  the  two  localities  as 
compared  with  each  other  (and  indeed  it  must  be  confessed,  this 
is  much  greater  than  could  have  been  reasonablj'  inferred  from 
the  general  constancy  of  the  deposits  in  this  region)  would  seem 
to  militate  against  such  a  view,  there  is,  nevertheless,  sufficient 
e\'idence,  both  stratigraphical  and  paleontological,  to  support  this 
conclusion.  In  the  first  place,  by  determining  the  position  of  the 
buhrstone  rock  near  St.  Stephen's  as  immediately  underlying 
the  highl}''  fossiliferous  greensand  layer,  Tiiomey  has  proved  that 
the  two  series  of  deposits  (the  Buhrstone  on  the  Tombigbee,  and 
bed  "  c  "  on  the  Alabama)  hold  relatively  the  same  position  to 
the  true  Clail)omian,  lying  immediately  below  it.  In  the  second 
place,  the  argillaceous  strata  at  the  base  of  Claiborne  Bluff  (bed 
"  4  "  of  Hale's  series)  have  been  identified  by  Hale,  both  on  litho- 
logical and  paleontological  evidence  (A.  J.  Science,  new  ser.,  TI, 
p.  356),  as  occurring  at  Coffeeville  Landing  on  the  Tombigbee 
River,  aboiit  14  miles  north  of  St.  Stephen's,  what  might  very 
readily  have  been  expected  from  an  inspection  of  the  general  lay 
of  the  different  formations.^      No   data  are  given  relative  to 

*  A  line  uniting  Claiborne  and  Coffeeville  Landing  would  run  almost 
precisely  parallel  with  the  line  marking  the  junction  of  the  Cretaceous 
and  Tertiary  deposits  lying  hence  due  north.  The  contour  lines  traced  by 
Tuomey  would  indicate  a  true  dip  west  of  the  southerly  line,  and  that  this 
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the  position  of  the  Buhrstone  at  this  last  locality,  but  hypotheti- 
cally  considered  (as  deduced  from  its  position  at  White  Bluff, 
and  its  general  dip),  its  summit  must  still  occupy  a  position  fully 
100  feet  above  the  level  of  the  river  ;  and  this  thickness  (100  feet) 
coincides  very  closely  with  the  thickness  (80  to  90  feet)  of  the 
deposits  below  the  true  Claibornian  (l)ed  "  d  ")  as  exposed  at  the 
bluff  on  Alabama  River.  And  finally,  that  at  least  a  very  con- 
siderable  portion  of  the  inferior  beds  at  this  last  named  locality 
represent  strata  of  a  different  lithological  character  in  other  por- 
tions of  the  state  —and  consequently,  that  they  are  local  deposits — 
is  proved  by  the  concurrent  statements  of  Hale  {loc.  ciL^  p.  350) 
and  Winchell  {loc.  cit.,  p.  86),  both  of  whom  assert  that  the  cal- 
careous deposit  below  the  arenaceous  bed  (not  the  **  White  Lime- 
stone '^)  is  not  known  to  occur  at  any  other  locality.* 

Admitting  the  conclusions  reached  in  this  paper,  it  will  be  seen 
that  the  Alabama  Eocene  deposits  comprise  : — 

4.  "  White  Limestone  "  (Jacksonian),  best  exhibited  at  Claiborne 
(upper  portion  of  bluff)  and  St.  Stephen's  (lower  moiety  of 
bluff),  not  ver3*  abundant  in  fossils — Pecten  membranosus^  P. 
Poulsoni,  Ostrea  panda^  Spondylus  dumosus^  "  Scutella  " 
Lyellif  etc. — 50  —  ?  feet. 

3.  The  fossiliferous  arenaceous  deposit  (Claibornian),  best  shown 
at  Claibonie— subaqueous  at  St.  Stephen's — very  rich  in 
fossils,  and  of  the  age  of  the  "  Calcaire  Grossier  "  of  France 
—IT  feet. 

2.  "Buhrstone''  (Siliceous  Claiborne  of  Ililgard),  comprising 
siliceous  clay-stones  (buhrstone  proi>cr)  densely  charged 
with  fossils  or  their  impressions,  laminated  cla3's,  sands  and 
calcareous  deposits — beds  "6"  and  *'c''  of  the  Claiborne 
section,  the  cliff  at  White  Bluff,  and  the  so-called  "  Chalk 

is  actually  the  case  is  proved  by  the  difTeronce  (80-00  feet)  between  the 
actual  heights  at  which  the  equivalent  beds  at  St.  Stephen's  and  Claiborne 
ara  placed.  This  also  accords  with  Hilgard's  observations  in  Mississippi, 
where  the  dip  of  the  Jackson  and  Vicksburg  strata  was  found  to  be  about 

10  to  12  feet  per  mile  8.  by  W.  (A.  J.  Science,  new  ser.,  XLIII,  p.  86). 

• 

*  It  is  greatly  to  be  hoped  that  under  the  present  able  management  of 
Dr.  Smith,  the  survey  will  bo  able  to  yield  much  more  satisfactory  data 
connected  with  the  geology  of  the  State  than  have  heretofore  been 
rendered. 
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Hills  "  of  the  southern  part  of  the  State.  At  Clail>onie  the 
representative  beds  consist  of  aluminous  and  calcareous 
deposits,  poor  in  fossils,  but  containing  occasional  layers  of 
Ostrea  sfellspformiis — about  250  feet? 

1.  The  Wood's  Bluff  and  Bashia  (with  Cave  and  Knight's 
Branches)  deposits  (Eo-lignitic),  consisting  of  alternating 
dark  clays,  greenish  and  buff  sands,  and  numerous  seams  of 
lignite,  partly  verj'  ricli  in  fossils,  and  as  far  as  is  yet  poni- 
tively  known,  the  oldest  Tertiary  deposits  of  tiie  State — 50 
"^^  •  leet. 

It  is  the  intention  of  the  writer  to  discuss  in  a  future  paper  the 
relations  of  these  various  Alabama  deposits  to  those  of  other 
sections  of  the  United  States,  and  to  correlate  them,  as  far  as 
possible,  with  the  Eocene  deposits  of  the  typical  European  basins. 

*  It  appears  to  the  author  tliat  it  would  be  convenient  to  designate  these 
lower  deposits,  which  hold  a  rather  constant  position  at  the  base  of  the 
Eocene  series  in  different  parts  of  the  eastern  and  southern  United  States, 
by  a  term  which  could  be  readily  applied  in  adjective  form,  and  which 
would  at  the  same  time  in  some  manner  express  the  relation  of  the  beds 
referred  to.  He  therefore  proposes  the  term  **  Eo-lignitic,*'  which,  while 
it  to  some  extent  indicates  the  general  character  of  the  beds  so  designated, 
is  not  restricted  in  its  definition  to  the  character  of  the  deposits  of  any  one 
single  locality.  The  **  Buff  Sand"  of  Winchell  {loc,  ciL,  p.  89).  probably 
falls  into  this  group,  but  its  exact  position,  or  its  correspondent,  does  not 
appear  to  be  as  yet  definitely  determined  It  is  seen  to  undcrly  the 
"Buhrstone,"  and  is  considered  by  Winchell  to  represent  the  absolute 
base  of  the  Tertiary  system  of  the  State.  At  Black's  Bluff,  Wilcox  Co., 
it  is  stated  to  repose  directly  on  ihe  subjacent  Cretaceous  limestone,  but  in 
a  foot-note  (p.  00),  we  are  informed  that,  according  to  Tuomey,  the 
characteristic  fossil  of  this  limestone,  an  Ostrea,  is  probably  Tertiary. 
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July  5. 

The  President,  Dr.  Ruschexbermer,  in  the  chair. 

Seventeen  persons  present. 

A  paper  entitled,  "  The  Snare  of  the  Ray  Spider,  Epeira  radi- 
osa,  a  new  form  of  Orb-web,"  b}^  Rev.  H.  C.  McCook,  D.  D.,  was 
presented  for  publication. 

Sa7X'odes  sanf/uinea, — Mr.  Thomas  Meehan  referred  to  discus- 
sion among  members  at  former  meetings,  as  to  tlie  true  character 
of  parasitic  plants.  They  were  l)elieved  to  Ik?  in  the  main  of  two 
classes,  — one  which  might  be  represented  by  the  common  mistle- 
toe, witli  wood}'  stems  continuing  from  year  to  3'ear, — the  other 
like  the  Arceuthobium,  or  pine  parasite,  which  died  to  the  surface 
of  the  wood,  but  continued  to  grow  up  from  the  same  spot  every 
year — a  sort  of  parasitic  herbaceous  plant.  It  was  a  question 
how  far  root  parasites  partook  of  these  several  characters.  There 
were  some  plants,  as  CasiiUeia  and  Comandra,  which  might  be 
said  to  l)e  in  a  tmnsition-  state  between*  an  ordinarv  terrestrial 
plant  and  a  parasite.  Usually  they  were  as  other  plants,  but  some 
of  the  roots  would  attach  themselves  to  other  roots,  and  foi'm  as 
perfect  a  union  as  genuine  parasites,  and,  b}'  the  decline  in  vigor 
of  tiie  victim  root  beyond  the  point  of  union,  evidently  showed 
they  were  really  parasitic,  deriving  nourishment  from  the  attach- 
ment. Aphyllon  unijlorum^  germinated  on  the  annual  fibrous 
roots  of  Asters  and  Solidagoes,  as  had  been  clearly  traced,  and 
perhaps  on  other  plants ;  and  after  germination  formed  a  mass  of 
innumerable  coral-like  spongelets,  drawing  moisture  and  perhaps 
some  other  elements  of  nutrition  from  the  surrounding  medium. 
£piphe(ju8  Virfjiniana  behaved  precisel}'  in  the  same  way.  Mono- 
tropa  and  others  had  also  thismassof  pseudo-roots,  or  spongelets, 
and  had  been  supposed  to  germinate  and  live  wholly  on  half  de- 
cayed vegetation,  but  he  believed  from  analogy  they  would  be 
found,  as  in  Epiphegtia  and  others,  to  germinate  at  first  on  living 
roots.  Connpholis  was  the  only  root  parasite  he  had  found  any 
reason  for  believing  to  be  a  perennial.  This  had  been  found  at- 
tached to  quite  large  roots,  evidently  coming  up  from  the  same 
spot  from  year  to  year  as  Arcenthohium  does. 

Having  correspondents  in  regions  where  grows  the  l)eautiful 
Snow-plant  of  the  Sierras — Sarcodes  sanr/uinea — about  which 
nothing  but  its  aerial  character  has  been  so  far  known,  he  had  set 
them  to  watching  for  him,  their  appearance  and  final  end.  The 
places  where  they  grew  were  carefully  marked,  and  with  the  fol- 
lowing results  : — Mr.  John  M.  lliitchings,  of  Yosemite,  found  the 
bottom  of  the  old  plants  10  to  14  inches  below  the  surface,  with 
not  the  slightest  signs  of  attachment  an\  where.     To  him  it  ap- 
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peared  no  more  than  an  "  ordinary  annual  i)lant  of  great  beauty." 
Of  course  an  ordinary  annual  growing  from  seed,  could  not  push 
through  the  ground  at  so  great  a  depth.  The  vital  power  8]>ent 
in  overcoming  so  heavy  an  obstruction,  would  be  exhausted  long 
before  the  growing  point  pushed  through  a  foot  of  soil  to  the  sur- 
face, as  observing  seed  growers  of  experience  would  testify.  Only 
a  parasite,  or  bud,  having  an  unlimited  supply  of  food  to  draw  on 
could  accomplish  this  feat.  But  the  matter  was  settled  by  an- 
other observer,  Mrs.  Ross  Lewers,  of  Washoe  Valley,  Nevada^ 
who,  together  with  her  observations,  had  sent  the  dead  spongy 
mass  from  the  last  year's  plants,  which  Mr.  M.  exhibited,  and  these 
were  found  to  have  a  slender  pine  root  through  the  mass  around 
which  the  spongy  mass  had  grown,  and  as  it  was  dead,  there  was 
little  doubt  that  it  had  been  the  matrix  from  which  the  seed  had 
made  its  original  start,  and  which  the  plant  killed  in  the  end.  The 
dead,  spong}'  mass  of  pseudo-roots  was  larger  than  he  had  seen  in 
any  other  species  of  root  parasite.  Altogether  it  might  be  said 
that  Sarcodes  sanguinea  was  an  annual,  germinating  on  small  pine 
roots,  and  subsequently  obtaining  subsistence  from  the  earth  as 
Aphyllon^  EpipJiegus^  &c. 

Talinum  teretifolium, — Mr.  Thomas  Meehan  remarked  that 
the  point  he  made  recently  in  regard  to  Draha  vernUy  that  mere 
light  alone  evidently  failed  to  account  for  the  special  opening-time 
of  flowers,  was  confirmed  by  recent  observations  on  Talinum 
teretifolium.  When  preparing  the  chapter  on  this  plant  for  his 
"Native  Flowers  and  Ferns  of  the  United  States,"  a  few  years 
ago,  he  had  watched  plants  almost  dail^-  through  the  whole  season 
and  found  that  without  any  exception  they  opened  at  1  P.  m.  and 
closed  at  2.  This  season  he  had  watched  them  again  and  found 
that  though  the  time  of  opening  was  the  same,  1  p.  M.,  they  never 
on  any  occasion  noted,  close<l  at  2,  but  continued  open  sometimes 
to  half-past  three  or  half-past  four,  and  on  one  occasion  were  found 
closing  at  half-past  five.  Mr.  Meehan  said  he  had  endeavored  to 
associate  these  variations  with  some  atmospheric  changes,  such  as 
heat,  light,  or  moisture,  but  in  no  case  did  these  endeavors  prove 
satisfactory.  In  the  ^'  Proceedings  of  the  Kansas  Academy  of 
Science,"  Professor  Smyth  had  contributed  materials  for  a  ''  fioral 
clock"  for  Kansas,  and  Talinum  teretifolium  was  set  down  in 
the  list  as  opening  at  11  a.  m.  in  that  State. 

Mr.  Meehan  believed  that  the  laws  infiuencing  this  peculiar 
class  of  motion  in  flowers,  were  completely  hidden  from  us,  and 
that  the  subject  offered  an  inviting  field  to  the  biologist. 

Mr.  Redfield  suggested  that  perhaps  the  age  of  the  plants  made 
some  difference  in  their  habits. 

Mr.  Meehan  replied  that  the  patch  in  his  garden  was  much 
larger  now  than  at  first,  from  addition  through  self  sown  seeds  ; 
but  all  the  plants  behaved  precisely  alike.    He  did  not  suppose 
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that  external  circumstances  had  no  influence ;  but  that  the  con- 
dition of  the  living  material  on  which  they  acted,  decided  the  final 
character,  and  that  Mr.  Redfield's  question  was  in  the .  right  line. 


July  12. 
The  President,  Dr.  Ruschenberqeb,  in  the  chair. 
Ten  i)ersons  present. 

The  death  of  John  P.  Brock  and  of  Alfred  D.  Jessup,  members, 
was  announced. 

The  following  was  ordered  to  be  printed :— 


NATUBAL  SCIBNCS8  OF  PHILASXLPHIA. 


B>  Hehbi  C.  HoCook,  O.  D. 
In  the  vicinity  of  Philadelphia,  June  14,  1881, 1  found  a  number 
of  spiders  grouped  not  tar  from  each  other  on  Epeiroid  webs,  which 
proved  to  be  of  a  type  hitherto  unknown,  and  which  I  designate 
as  the  Actinic  or  Raj--fonn^  Orb-web,  The  spider  appears  also 
to  be  new  to  science,  and  is  named  Epeira  radioaa.' 

I.  Ohabaorb  or  thi  Wib. 

The  first  example  or  two  of  the  spiders  collected  seemed  to  be 
upon  neata  that  had  been  broken  by  ordinary  wear  and  tear  in 


'Th*  Rkf  Spldir  aeftted  In  her  gn&ro,  Jiut  befora  drkwlns  the  tnp-Unc. 


capturing  insects;  but  the  repetition  of  the  form  in  a  third  snare, 
particularly  of  the  peculiar  open  central,  caused  more  careful 
examination.     The  result  was  the  discovery  of  the  remarkable 

>  Badioia,  fall  of  raTs.    A  closer  study  of  the  spider  may  compel  tlie 
change  of  its  generic  poslUon. 
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form  of  web  here  ilescribeil.  On  account  of  the  continually 
changing  form  of  the  snare,  it  will  be  necessary  to  present  it  from 
rarions  points  of  view,  and  as  seen  in  ditferent  stages  of  its  diurnal 
changes.  , 

Fig.  1  presents  a  view  of  tlie  snare  in  a  partially  relaxed  con- 
dition. The  spider  ia  seen  seated  in  the  centre  of  a  series  of  rays, 
i,  ii,  iii,  iv,  v,  which  are  grasped  by  the  third  and  fourth  pairs  of 
legs.  There  ia  no  hub,  properly  speaking,  bnt  the  axes  of  the 
rays  may  be  seen  at  times  united  upon  a  central  point,  oa  at  U, 
flg.  2.     The  general  tendency  is  to  four  or  five  main  divisions  or 


rays,  as  may  be  seen  by  studying  the  figures  presented.  But 
there  is  more  or  less  variation,  and  in  the  course  of  the  day's 
usage  in  capturing  prey  two  sections  will  become  interblended 
upon  one  axis,  as  appears  to  be  the  case  in  fig.  2,  and  also  in  fig.  4. 
The  central  space  is  a  large  irregular  opening,  conetitnting 
about  one-third  of  the  entire  snare,  whose  diameter  is  usually  trom 
three  to  five  inches  (see  fig.  3).  The  central  circle,  meahes,  and 
notched  spirals  which  so  generally  characterize  the  Orb-webe  are 
thus  wholly  wanting  here. 
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Tbe  orb  may  be  B.iid  to  be  composed  of  a  series  of  independent 
ntjB  or  sectors,  each  ray  conipoHed  of  several  spirally  crossed 
Tkdii,  and  the  whole  series  united  into  an  orb  by  croas-lines  or 
spirals  like  those  which  unite  tbe  radii.  In  the  shilling  of  the 
section-lines  above  referred  to,  this  separation  of  the  orb  into  in- 
dependent rays,  is  always  quite  evident.  The  spirals  arc  covered 
with  viscid  beads,  as  in  most  orb-webs  The  nulii  do  not  all 
pass  to  the  Hub  or  Centre,  as  do  thoiie  of  orb-webs  generally,  but 
converge  for  the  most  part  upon  the  axes  of  the  rays  as  repre- 
lented  at  figa.  1,  2,  3.     These  axes  themselves  converge  upon  a 


Fib.  t. — yiaw  (torn  tnnt.   W«b 


tingle  strong  thread,  a  trap-line,  T  (  figs.  1  and  2,  and  succeeding 
cuts),  which  is  attached  to  some  [rart  of  the  surrounding  surface, 
of  rock,  earth  or  plant,  Wlien  the  snare  is  flat  or  relaxed,  as  was 
the  case  with  the  one  drawn  at  fig.  3,  and  as  a|)|>ears  in  fig,  1,  the 
trsp-linc  is  often  about  perpendicular  to  the  plane  of  the  orb,  as  is 
the  handle  to  the  rays  of  an  open  Japanese  umbrella.  This,  how- 
ever, depends  somewhat  upon  the  environment ;  a  convenient 
point  for  the  attachment  of  the  trap-line  will  cause  the  animal  to 
divert  the  thread  more  or  less  from  the  i>erpendicular. 
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We  may  now  suppose  the  spider  placed  as  in  fi^  1  and  3,  at 
the  point  where  the  rays  convei^,  grasping  the  axes  with  the  four 
bind  feet.  The  two  front  feet  seize  the  trap-line  aod  draw  it  taut. 
Then,  precisely  as  a  sailor  pulls  upon  a  rope,  "  hand  over  hand," 
the  little  arachnid 'it  feet  move  along  the  trap-line,  one  over  another. 
The  axes  of  the  rays,  held  firmly  in  the  hind  feet,  follow  her;  the 
centre  of  the  snare  bears  inward,  the  other  parts  are  stretched  tant, 
and  the  web  at  last  has  taken  the  form  of  a  cone  or  ftmnet  (figs.  4,  S). 
In  this  position  the  snares  continually  suggested  to  me  the  figure 
of  an  umbrella  with  ribs  reversed  by  the  wind  and  the  covering 


stripped  loose  from  the  top  of  tlie  handle.  Fig.  4  gives  a  side 
view  of  the  web  when  thus  bowed  or  drawn  taut ;  another  snare 
is  shovrn  at  fig.  5,  as  seen  f^m  behind. 

In  this  example  (.fig.  5),  the  spider  has  moved  quite  down  the 
trap-line  to  the  surfiice  of  the  little  twig  (projecting  into  the 
cavity)  to  which  it  is  attached.  It  will  thus  be  seen  that  the 
snare  is  more  or  leas  a  plane  surface,  or  more  or  less  conical, 
according  to  the  position  of  the  animal  upon  the  trap-line  and  the 
degree  of  tension  thereof. 
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II,   MODK  OF   OpERATIKG   THE  SnABB. 

When  an  insect  etrikes  the  snare,  the  spider  has  two  modes  of 
operating.  The  first  somewhat  Tesembles  that  of  the  ordinary 
orb-weaver  in  that  the  insect  is  simply  permitted  to  entangle  itself 
and  IB  then  taken,  swathed,  returned  to  the  centre  and  eaten. 
Thwe  is,.howeTer,  this  difference :  before  going  to  the  insect,  the 
ftzes  of  the  snare  are  twisted  or  knotted,  by  a  rotary  action  of  the 
body  and  movement  of  the  legs,  so  that  the  untouched  parts  of 
the  orb  remains  tsat.    Fig.  2  represents  a  snare  thus  "  locked," 


or,  perhaps  1  might  more  properly  say, "  keyed."  Tlie  trap-line 
is  now  relaxed,  although  its  elasticity  is  such  that  the  change  can 
scarcely  be  noticed.  The  spider  then  moves  upon  her  victim, 
quite  habitually  cutting  out  the  spirals  with  her  mandibles  as  she 
goes.  When  the  insect  is  ensnared  well  towards  the  circumference 
of  the  web,  and  indeed,  for  the  most  part,  in  other  caaex  also,  it 
results  that  the  ray  or  sector  upon  which  the  entanglement  had 
occurred,  is  quite  cut  away.  The  spider  thereuiion  i>rocee<ls  to 
operate  the  remaining  parts  of  her  snare,  which,  in  time,  is  thus 
destroyed  by  sections,  as  will  be  fully  illustrate  I  hereafter. 
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The  second  mode  of  operation  reaembleB  tliat  of  the  Triangle 
spider,  Hyplioles  cavata,  Hentz,  which  has  been  so  admirably 
described  by  Wilder,  and  which  I  have  very  fVequently  and  fdlly 
observed  in  the  suburbs  of  Philadelphia  and  throughout  Pennsyl- 
Tsnia.  It  is  at  this  point  that  the  habit  of  our  Ray  spider  becomes 
particularly  interesting.  The  Triangle  spider  makes  a  triangular 
web,  which  is  in  fact  an  orb  sector,  composed  with  unvarying 
regularity  of  four  spirally  crossed  radii  converging  upon  a  single 
line  T  (fig.  6,  a).  Upon  this  line  the  spider  hangs  back  downward, 
grasping  it  with  all  her  feet,  and  having  a  portion  of  the  line,  81 
(fig.  €,  b),  rolled  up  slack,  between  her  two  hind,  or  sometimes. 


apparently,  her  fore  and  hind  feet.  Thus  the  forward  and  back 
parts  of  the  trap-line  are  taut,  while  the  intermediate  part  is  slack. 
The  spiral  parts  of  the  snare  are  also  taut.  When  the  web  is 
struck  by  an  insect,  the  spider  suddenly  releases  her  hind  feet, 
the  slack  line  sharptyuncoils,  the  spider  shoots  forward,  the  whole 
web  relaxes,  as  at  fig.  1,  and  the  spiral  lines  are  thrown  arotmd 
the  insect.  This  is  repeated  several  times  before  the  prey  is 
seized. 
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Precisely  the  same  actioti  characterizes  the  Raj'  spider.  Her 
ordinary  position,  or  at  least  the  one  in  which  I  most  frequently 
obeerred  ber,  is  b.  sitting  posture,  back  upward,  as  shown  at  fig.  1. 
The  axes  of  the  rays  are  held  in  the  third  and  fourth  p&irs  of  legs, 
the  fonrth  commandiDg  the  upper,  the  third  the  lower  series, 
quite  habitually,  as  it  appeared  to  me.  A  sort  of  "  basket,"  or 
system  of  comiecting  lines,  shown  at  figs.  1,  9,  unites  all  the  feet, 
eeeming  toconrei^  toward  the  fore-feet  (perhaps,  upon  the  second 
pur),  where  they  grasp  the  trap-line.  It  is  upon  this  foot- 
buket  that  the  spider  sits  when  her  net  is  bowed. 

This,  however,  is  not  the  invariable  posture ;  in  the  reconstruc- 
tion of  the  rays  and  shifting  of  the  axes,  aa  the  day's  work  tells 


n*.  T,— Trlkngla  (pidar,  Byptinta  csmIo,  with  alMk-llna  nneoiled  »Dd  anut  nlainl. 


upon  the  snare,  the  spider  will  vary  her  posture  to  that  of  fig,  5. 
The  trap-line  generally  has  a  direction  downward  rather  than 
upward,  bo  that  the  bead  and  fore-feet  tend  to  be  depressed  below 
the  abdomen,  and  this  depression  may  gradually  result  in  the 
complete  inversion  of  the  animal,  fig.  5,  so  that  she  assumes  the 
natural  position  of  orb-weavers.  I  have  even  seen  individuals 
with  the  back  turned  downward,  fig,  8,  as  is  the  habit  with  the 
Triangle  spider  and  with  all  those  species  who  make  a  dome  or 
horizontal  orb-web,  as  the  Basilica  spider,  E.  baitilica  McCook, 
and  the  Orcliard  spider,  H.  korturum  Hentz. 

If  now  the  feet  of  the  spider  be  carefully  examined  with  a  gowi 
glass,  a  coit  of  slack-'Une  will  he  seen,  precisely  as  in  (he  case  of 
the  Triangle-spider,  This  ia  il!u.«trnted  at  fig.  8,  where  a,  b,  C,  are 
the  axes  of  several  rays,  grasped  in  the  third  (3)  oiid  fourth  (4) 
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pairs  of  legs,  and  SI  is  tlie  coil  or  fllack-ltne  between  tbcse  and  the 
fore  pairs  (1  and  2),or8impl3'betwcen  tbe  pair  of  fore-legs,  1  and 
2.  As  the  spider  docs  not  exceed  one-eiglitli  of  an  incli  in  body 
length,  and  tbe  position  of  the  snare  is  within  cavities  and  inter- 
stices of  rocks,  where  the  light  docs  not  bring  out  the  delicate 
tracery  of  the  fine  webs,  the  observation  of  these  and  other  points 
of  like  character,  is  a  matter  of  some  difficulty.  Bat,  although 
the  exact  relations  of  the  coil  to  the  feet  were  sometimes  in  doubt, 
and  indeed  seemed  to  vary  somewhat, 
I  the  existence  of  the  coil  and  its  general 
relations  were  determined  beyond  doubt. 
It  is  also  certain  that  the  alack-line 
sharply  uncoils  and  straightens  when 
the  spider  releases  her  graap  upon  the 
trap4ine,  and  that  the  web  nnbenda  and 
shoots  quickly  forward.  It  is  instantly 
I  changed  fVom  the  bowed  or  coidoal  form 
of  figa.  i  and  5  to  the  oinmlar  plane  of 
,  !^'r""i,?"'"'rT"""  IgB- 1  and  2. 

luged )  In  pnalUDQ  on  taut  tam,       ° 

To  ibow  the  iiuk-nne  sou,  SI.  The  following  points,  however,  long 

evaded  my  observation,  before  weba 
were  found  which  presented  the  conditions  for  sucoessfbl  study. 
But  at  last  I  was  well  satisfied,  although  I  hope  for  flutber  and 
fuller  verification  during  tbe  present  summer.  The  "  springing  " 
of  tlie  snare  is  caused  by  the  sudden  releasing  of  the  trap-line 
from  (he  fure-feel,  instead  of  the  hind-feet,  as  with  the  Triangle 
spider.  The  polarity  of  tlie  two  arachnids  relative  to  their  webs 
is  reversed,  Hyptiotes  having  her  fore-feet,  but  Radiosa  her  hind- 
feet  towards  the  web.  The  slack-line  is  therefore  coiled  between 
tbe  two  fore-feet  or  between  the  fore  and  hind-feet  of  lladiosa, 
but  between  the  two  hind  pairs  (as  a  rule)  of  Hyptiotes. 

A  glance  at  fig.  S,  b,  will  suggest  the  manner  in  which  H^-ptiotes  ' 
is  affected  when  her  two  hind  feet  are  released  from  the  trap-line. 
The  coil,  SI,  straightens,  and  the  whole  body  of  the  spider  shoots 
forwaitl.  If  now  we  turn  to  Radiosa,  as  rcpieaonted  at  fig.  8,  or 
again,  as  Hhowii  somewhat  better  at  fig.  9,  we  observe  that  if  the 
fore-fert  ,1,2,  fig.  9,  arc  released  suddenly  from  the  trap-line,  T, 
the  whole  body  shoots  bacLioard,  although  still  toward  tbe  snare, 
as  with  Hyptiotes.     This  was  the  action  which  1  observed. 

The  determination  was  finally  accomplished  by  first  carefully 
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eketcliing  the  arrangement  of  the  basket  stretclied  between  the 
teet  (2, 3,  3,  4,  4,  fig.  9).  With  this  chart  in  one  hand,  and  in  the 
other  h&nd  a  magnifying  glaas  focused  upon  the  feet,  I  watched 
ontil  forored  with  several  successive  and  un8uccee8f\i]  springiDgS 
of  the  net.  As  the  spider  only  leaves  her  seat  when  she  thinks 
that  an  insect  is  well  entangled,  and  again  bows  her  net  by  pulling 
on  the  trap-line  if  no  prey  be  ensnared,  the  above  conditions  en- 
aUed  me  to  compare  my  chart  of  the  basket,  with  the  basket  itself 
u  seen  under  the  glass.  I  found  that  the  outlines  on  the  paper 
and  the  lines  onder  the  animal's  feet  exactly  corresponded.  There 
had  therefore  been  no  chaoge  in  the  relative  positions  of  the  hind- 
feet,  mandibles  and  palps,  perhaps  also  of  the  second  pair  (8)  of 
feet.  There  had  been  an  ac- 
tual (not  soeming)  motion  of 
the  body  with  and  in  the  di- 
rection of  the  web,  and  this 
had  been  caused  by  releasing 
the  first  pair  of  legs  (1)  from 
the  trap-line. 

The  importance  of  this 
determination  seema  greater 
from  the  fact  that  I  had  at  first 
concluded  that  the  Badiosa 
actually  operated  her  snare 
by  tections.  That  is,  instead 
of  springing  the  whole  orb  at 
once,  as  above  described,  she 
simply  sprung  the  ray  struck  by  an  insect,  by  unclasping  the  foot 
holding  the  axis  of  that  ray.  Thus,  ray  ii,  tig.  9,  would  be  sprung 
by  releasing  the  axis  of  ii,  from  No.  3,  the  third  foot.  This 
ia  probably  not  done  when  the  snare  is  in  complete  form  (as 
at  figs.  1,  3,  4),  but  I  now  believe  that  it  ts  done  when  the  web 
has  been  partially  destroyed,  and  is  reduced  to  two  rays  or  sectors 
as  at  flg.  11.  This  I  hope  to  determine  accurately  during  the 
cnrrent  summer.  If  it  should  be  verified  ne  shall  have  another 
resemblance  between  the  habits  of  Hyptiotes  and  Rodiosa. 

HI.  Obaduai  Oblitebation  of  the  Web. 

The  fragmentary  condition  of  Radiot^a's  web  after  contact  with 
insects  has  already  been  referred  to.    The  snare  is  gradually 
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obliterated,  a  conclusion  to  whicL  the  spider  herself  very  curiously 
contributes.  When  an  insect  strikes  the  snare,  as  at  flg.  10,  ray 
I  (broken  my),  Radiosa  first  "keys"  the  snare  by  tvisting 
together  the  foot-basket  and  the  parts  adjoining  (C),  including 
the  end  of  the  trap-line.  This  maintains  the  compact  condition 
of  the  snare  after  the  spider  has  left  the  central  point  at  which 
she  has  held  all  parts  together  in  the  manner  heretofore  described. 
Then  the  insect  is  sought.  Creeping  along  the  axis  of  the  ray 
upon  which  is  the  entanglement,  she  cuts  away  the  cross-lines  aa 
she  goes,  leaving  the  bare  skeleton  of  radii,  as  shown,  flg.  10,  I, 
broken  ray.  The  insect  is  then  brought  back  to  a  point  (D)  near 
the  centre,  but  (in  this  case  at  least,)  above  it,  where  it  ia  eaten. 
While  the  feast  goes  on,  not 
unmindftil  of  fhtnre  anppliat, 
the  spider  (S)  olaspt  the  ad- 
J<riniBg  axis  and  (0  D)  tb« 
connecting  Une«,  whlohappeiir 
to  be  in  condition  foropenting 
somewhat  in  the  osaal  my. 
m  the  inseot  Is  eatan,  th^ 
Mr  position  la  resniofld, 
trap4ine  olasped,  and  the 
bowed  and  ti|^t«ted. 
fter  a  morning's  tnpping, 

le  game  has  been  plen^, 

and  generally  towards  the 
lot  middle  of  the  afternoon,  Ba- 
diosa's  snare  will  be  found 
reduced  to  one  or  two  rays  or  fragments  of  rays.  I  have  seen  it 
reduced  to  a  bare  skeleton.  In  fig.  11,  there  are  one  ray  (I),  and 
two  IVagments  of  two  others  united  into  a  new  ray,  and  these  are 
placed  in  opposite  parts  of  the  orb.  Again,  one-half  of  the  orb 
may  be  eliminated  (fig.  12),  leaving  two  radii  (i,  ii)  to  operate  with. 
Radiosa  was  alao  observed  to  construct  or  adopt  a  new  trap- 
line,  thus  changing,  so  to  speak,  her  base  of  operations.  This 
action  is  illiisti-ated  at  fig.  12,  where  To  is  the  original,  and  Tb 
the  new  trap-line.  This  is  not  a  frequent  occurrence,  as  the 
necessity  for  changing  the  original  line  does  not  appear  to  arise 
frequently. 


1] 
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IT.  Th«  Afhnities  of  tee  Actinic  Oaa  with  othkr  Obb  Webb. 
Not  tbe  least  interesting  and  valuable  feature  of  the  Ray- 
spkler'B  industry,  is  that  it  diBcovers  a  connecting  link  between 
two  forms  of  snare  which  stand  at  the  very  opposite  poles  of  the 
apinning-work  of  the  (Orbitelaria;)  orb-weavers.  At  the  one  ex- 
treme is  tbe  familiar  circular  snare  or  fhll  orb  of  the  ordinary 
garden  sirfder.  as,  for  example,  that  of  Epeira  domiciliorum, 
HcDtB,  fig.  13.  At  the  other  is  the  orb-sector  of  the  Triangle 
spider,  figs.  6, 1,  A  glance  at  these  will  show  how  far  they  are 
apart  in  structure.  The  same  separation  appears  in  the  habits  of 
the  two  araneads.'  As  opposed  to  the  Hyptiotea,  the  spiders  of 
which  E.  domiciliorum  is  a  type  hang  liead  downward  in  the 


centre  of  the  orb,  with  their  feet  grasping  small  groups  of  tbe 
radii ;  or  sit  in  a  silken  den,  or  crevice,  holding  to  a  taut  trap-line 
which  is  connected  with  the  centre.  There  is  no  alack  coil,  and 
no  springing  of  the  net  as  with  tbe  Triangle  spider. 

The  indoBtry  of  Radiosa,  it  is  now  seen,  is  united  to  that  of  the 
Full  Orb  makers  (E.  domiciliorum,  et  al.),  on  the  one  extreme,  by 
the  completeness  of  the  circle ;  but  with  that  of  Hyptiotes,  on  the 
other  extreme,  by  tbe  independent  character  of  the  rays,  tbe 
nature  of  the  trap-line,  and  tbe  entire  mode  of  operating  the  snare. 
Tbe  facta  necessary  to  trace  their  affinities  I  liave  already  given. 

'  I  hope  that  I  shall  be  tolerated  in  the  invention  of  this  general  word 
for  memhen  of  the  Order  Aranee ;  "  Arachnid,"  the  class  term,  is  too 
general ;  "aianead"  is  needed  for  the  tme  spiden. 
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Some  of  the  strikiDg  differences  I  have  also  recorded,  and  they  may 
thus  be  summarized.  The  web  of  Hyptiotes  is  a  single  sector ;  that 
of  Badiosa  has  four  or  more,  united.  Hyptiotes  commands  one 
line  with  her  feet,  the  trap-line  and  its  continuation;  Radiosa 
commands  several  axes,  which  are  connected  with,  but  not  con- 
tinuous of,  the  trap-line.  Hyptiotes  has  her  head,  Badiosa  her 
abdomen  towards  her  snare.  Hyptiotes  habitually  hangs  to  the 
trai^line,  back  downward;  Radiosa  generally  sits  upon  a  foot- 
basket  of  lines,  back  upward.  Hyptiotes  shoots  forward  when 
her  net  is  sprung ;  Radiosa  shoots  backward — but  both  spiders 
move  toward  their  webs.  Hyptiotes  holds  her  slack  coil  between 
the  two  hind-feet  (apparently) ;  Radiosa  between  the  fore-feet. 
In  these   differences,  the  points  wherein   Radiosa  varies  from 


Hyptiotes  show  a  quite  apparent  approach  to  the  behavior  of  E. 
domiciliorum  and  the  Fiill-Orb  makers.  Ttius  the  distance  which 
heretofore  had  separated  between  the  far-away  estremes  of  the 
Bpinning-wovk  of  tlie  Orbitelariae,  has  been  completely  bridged 
over  by  tlie  industry  of  our  little  indigenous  aranead — the  Ray 
spider.     It  is  to  be  remarked  that  while  structurally  the  Triangle 
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spider  is  as  widely  removed  from  the  Domicile  spider,  as  economi- 
cally, the  Ray  spider  is  more  closely  allied  structurally  to  the 
latter  than  the  former. 

V.  Natural  Habitat  and  Environment. 

The  first  specimens  of  Radiosa  taken  were  hung  in  large  open- 
ings left  between  the  breastwork  stones  of  a  very  old  mill-dam. 
The  wall  had  crumbled  and  quite  fallen  away  in  places,  leaving 
large  cavities,  within  whose  moist,  cool  shelter,  among  ferns  and 
mosses,  this,  with  several  species  of  spiders,  had  domiciled.  The 
brook  poured  over  the  middle  part  of  the  wall,  making  a  pretty 
waterfall ;  briers,  bushes,  ferns  and  various  wood  plants  grew  out 
of  the  wall  and  stretched  over  a  deep  pool  12  or  15  feet  in  diame- 
ter, into  wliich  the  fall  dropped.  On  the  lower  bushes  and 
branches  above  the  stream,  and  continually  agitated  by  the 
splashing  of  the  water,  was  a  colony  of  Stilt  spiders,  Tetragnatha 
grallatar,  stretching  their  long  legs  along  their  round  webs,  and 
dancing  with  the  motion  of  the  waves ;  the  beautiful  nests  of 
Phillyra  riparia,  Hentz,  nests  of  Tegenaria  persica^  Lyniphia 
cinnmunU^  L.  neophyta,  Epeira  hortorum^  and  one  or  two  species 
of  Theridiords,  were  in  close  neighborhood.  The  whole  pretty 
scene  was  embowered  in  a  grove  of  yoimg  trees.  A  more  charm- 
ing habitat  could  not  well  have  been  found. 

Another  colony,  not  far  away,  was  established  within  the  cavi- 
ties formed  underneath  the  roots  of  a  large  fallen  tree,  and 
beneath  the  ledges  of  some  rocks  over  which  the  roots  turned. 
In  several  similar  positions  were  found  the  same  nests,  and  also 
among  the  rocks  in  a  wild  ravine  through  which  ran  the  stream 
Lownes'  Run.^ 

Further  explorations  of  the  surrounding  country  showed  that 
the  spider  was  largely  distributed,  and  in  similar  conditions.  1 
found  numbers  in  ravines,  on  the  broad  leaves  of  the  skunk  cab- 
bage, SymplocarpuB  (or  Ichtodes)  fuetidus^  the  snares  stretched 
over  the  brooklet,  and  beneath  the  shelving  banks.  They  were 
also  found  among  the  rocks  of  Crum  Creek  over  the  beautiful 
drive  to  Howard  Lewis' mill.  The  habitat  of  the  Ray  spider  may 
therefore  be  described  as  moist,  cool,  shaded  cavities  and  recesses 
among  rocks,  roots,  Ixineath  banks  and  foliage,  over  or  near  run- 
ning water. 

^  Since  writing  the  above  I  have  found  Radiosa  in  similar  environment 
at  Mineral-spring  Glon,  New  Lisbon,  Ohio. 
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July  19. 

The  President,  Dr.  Ruschenbeboer,  in  the  chair. 

Twelve  persons  present. 

A  paper  entitled  "  A  Revision  of  the  Cis-Mississippi  Tertiary 
Pectens  of  the  United  States,"  by  Angelo  Heilprin,  was  pre- 
sented for  publication. 


July  26. 
The  President,  Dr.  Ruschenbeboer,  in  the  chair. 
Twelve  persons  present. 

A  New  Form  of  Fresh-water  Sponge, — A  note  was  read  from 
Mr.  Edw.  Potts,  reporting  the  discovery  in  Chester  Creek  of 
another  curious  form  of  fresh-water  sponge,  a  third  species  of 
Carterellaj  resembling  C.  tubiisperma  in  the  character  of  its 
birotulates  and  the  length  of  its  foraminal  tubes,  but  much  more 
robust  than  that  species.  The  tendrils  are  nearly  as  long  as  those 
of  C.  tenoaperma,  but  broad,  flat  and  ribband-like. 

Thus  far  it  is  the  most  conspicuous  and  peculiar  of  our  Ameri- 
can forms.    He  proposed  for  it  the  name  Carlerella  latitenta. 

John  G.  Graham  was  elected  a  member. 
The  following  was  ordered  to  be  printed : 
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BEYI8I0N  OF  THE  PAL£OCRINOIDEA. 
BY   CHARLES  WACUSMUTH    AND   FRANK   SPRINGER. 

Part  II. 
Family  SPHjEROIDOCRINID^, 

INCLUDING   THE   SUB-FAMILIES 

PLATYCMNIDiE,  RHODOCBINIDiE,  and  ACTINO- 

CBINIDiE. 

The  first  part  of  this  work  was  published  eonteniporaneously 
with  the  *'3d  Liefeniiig ''  of  Professor  Zittel's  ^*  Handbuch  der 
Palneontologie,"  which  embraces  the  Crlnoidea. 

In  his  classification,  this  distinguished  author  follows  Johannes 
Miiller,  and  divides  the  Crinoideainto  three  orders  :  Eucrinoidea 
(Brachiata,  ^liiWer),  Cystoidea,  and  Dlastoidea  ;  subdividing  the 
first  into  the  Tessclata,  Articulata,  and  Costata.  Tiie  '*  Tesselata  '' 
agree  in  general  features  with  our  Palseocrijwidea^  and  the  Articu- 
lata with  the  mesozoic  and  recent  Crinoids,  for  which  we  have 
proposed  the  name  Stomatocrinoidea  ;  but  while  we  treat  these 
groups  as  of  the  same  rank  with  the  Blastoidea  and  Cystoidea, 
they  are,  according  to  Miiller  and  Zittel,  mere  subdivisions  of  the 
**  Brachiatay » 

Zittel  divides  the  Tesselata  into   twenty-six   families,   among 

^  While  this  was  in  press,  we  received  from  Dr.  Etheridj^e,  Jr.,  and 
P.  Herb.  Carpenter,  an  interesting  paper  upon  the  genus  Alia  gecr  inn  ft,  a 
new  form  from  the  Carboniferous  of  Scotland,  which  they  consider  to  be 
"tesselate"  in  the  younger,  "articulate"  in  the  adult  state.  In  a  dis- 
cussion upon  MuUer^s  terms,  Teaselata  and  ArtieulatOj  they  anive  at  the 
conclusion,  that  at  the  present  state  of  our  knowledge  of  these  Crinoids 
those  names  are  inappropriate  and  should  be  abandoned.  They  adopt  our 
name  Palaocrinoidea,  but  object  to  Stomatocnnoidea,  as  they  think  it 
possible,  that  also  Crinoids  of  the  other  group  might  have  possessed  an 
external  mouth.  They  consider  the  irregular  arran^jeraent  of  the  plates  in 
the  calyx,  against  the  almost  perfect  symmetry  which  is  found  throughout 
the  other  group,  and  the  vault  structure,  to  be  better  and  more  persistent 
characters  for  distinction  than  the  condition  of  the  mouth.  We  can  only 
notice  here  this  important  paper,  but  shall  take  pleasure  to  refer  to  it  at 
some  future  time. 
18 
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which  his  Ichthyocrinidse  and  Taxocrinidse  sabstantially  agree 
with  our  Ichthyocrinidffi,  except  that  he  included  among  the  Taxo- 
crinidfie  the  genera  Lecylhocrinua  and  Oissocrinus^  which  we 
refer  to  the  Cyathocrinidce.  Our  Cyathocrinidie  include  his 
Poteriocrinidae,  Heterocrinidee,  Cyathocrinidse  and  Hybocrinidie, 
except  that  he  places  among  the  first  of  these  families,  Agassizo- 
crinus  and  Belemnocrinus^  which  we  think  belong  to  other  families. 

Zittel's  classification,  in  its  general  results  and  conclusions, 
does  not  differ  materially  from  our  own ;  but  instead  of  subdividing 
the  Palseocrinoidea  at  once  into  a  number  of  small  groups  which 
he  calls  families,  we  separate  them  at  first  into  comparatively  few 
well-marked  groups,  which  we  subdivide  when  necessary.  Our 
families  are  not  based  upon  mere  differences  in  the  arrangement 
of  the  plates,  but  are  expressions  of  important  modifications  in 
the  structure  of  the  animal,  which  must  have  affected  the  whole 
organism,  and  consequently  form  the  basis  of  well  defined  natural 
divisions^ 

The  groups  which  we  recognize  as  Ichthyocrinidse,  Cyatho- 
crinidse  and  Sphseroidocrinidae  existed  at  the  beginning  of  the 
geological  record,  and  flourished  side  by  side  until  they  became 
extinct.  They  are  so  well  defined  by  nature,  that  once  under- 
stood there  is  no  difilculty  in  identifying  them.  The  smaller 
groups  into  which  we  have  di\ided  the  Sphseroidocrinidse,  are 
likewise  of  early  origin,  but  they  follow  more  or  less  the  same 
general  plan  in  the  arrangement  of  their  plates,  as  well  as  in  their 
mode  of  development,  individually  and  paleontologically. 

There  have  been  several  interesting  publications  on  Crinoids 
during  the  past  year,  containing,  among  others,  descriptions  of 
new  species  of  both  Ichthyocrinidse  and  Gyathocrinidse.  These 
species  will  be  noticed  and  systematically  arranged  in  an  appendix 
at  the  end  of  this  work. 

We  are  under  special  obligations  to  Prof.  Spencer  F.  Baird  for 
access  to  a  number  of  rare  and  valuable  books  in  the  Smithsonian 
Library;  to  Dr.  C.  A.  White,  of  the  National  Museum,  for 
numerous  favors  received  during  the  preparation  of  this  work ;  to 
Prof.  A.  H.  Worthen,  of  Springfield,  111.,  and  to  a  number  of  other 
gentlemen  for  the  liberal  loan  of  books  and  specimens,  and  fbr 
ether  valuable  information^ 
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III.-SFH^ROIDOCRINIDiE. 

The  above  name  is  proposed  as  a  family  designation,  to  include 
such  forms  of  the  Palceocrinoidea,  in  which  both  calyx  and  vault 
are  constructed  of  a  large  number  of  immovable  plates  and  these 
forming  inflexible  walls  ;  with  several  orders  of  radials,  and  one  or 
more  of  interradials  on  both  the  oral  and  aboral  sides.  The 
Spbaeroidocrinidse  differ  thus  conspicuously  from  the  Ichthyo- 
crinidse  with  their  flexible  walls  and  squamous  vault,  and  from  the 
Cyathocrinidffi  with  their  uniform  elements  of  three  rings  of 
plates  in  the  calyx,  without  interi*adials,  and  with  simple  oral 
plates  in  the  vault. 

The  family,  as  thus  defined,  will  include  genera  with  underbasals, 
and  genera  without  them.  In  this  we  differ  from  most  authors, 
who  make  the  presence  or  absence  of  these  plates  a  marked  family 
distinction,  and  who  place  together  within  the  same  family  Cya- 
thocrinids,  Ichthyocrinidse  and  Rhodocrinidse. 

Pict^t,  Traite  de  Pal^ntologie,  vol.  iv,  included  in  his  "  Cyar 
thocriniens  "  our  Cyathocrinidse,  Rhodocrinidse  and  partly  our 
Ichthyocrinidffi ;  from  the  former,  however,  he  excluded  Oraphio- 
crinus,  which  had  been  described  by  De  Koninck  and  Lehon  with 
a  single  circle  of  plates  beneath  the  radials,  and  from  the  latter 
Forbesiocrinus  and  TaxocrinuSj  in  which  underbasals  had  not  been 
discovered  ;  while  he  admitted  the  allied  genera  IchthyocrinuSy 
Lecanocrinus  and  Mespilocrinus  in  which  they  had  been  observed. 
Similar  opinions  were  held  by  d'Orbigny,  Hall,  Miller,  Austin 
and  others,  not  including,  however,  Roemer  and  Schultze,  who 
made  the  Rhodocrinidae  a  distinct  famil3\ 

In  the  first  part  of  this  work  we  have  discussed  somewhat  fully 
the  relations  of  the  underbasals,  which  we  took  to  be  the  product 
of  growth  in  geological  times,  introduced  gradually  by  interpola- 
tion between  the  basals.  It  is  very  remarkable  that,  although  the 
introduction  of  underbasals  dates  back  to  the  Lower  Silurian,  as 
a  rule,  the  genera  in  which  those  plates  are  found  differ  at  no  time 
materially  from  those  in  which  they  are  wanting.  £ven  as  late 
as  the  Subcarboniferous,  we  find  such  species  as  Actinocrinus 
Whitei,  and  Rhodocrinus  Wachsmuthi,  both  from  the  Burling- 
ton limestone,  so  strikingly  similar  in  every  respect,  both  in  the 
structure   of  the   body  and    arms,  that    the  species  cannot  be 
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separated  except  by  means  of  the  basal  portions.  There  are  sim- 
ilar examples  in  the  Silurian  and  Devonian,  which  will  be  noticed 
later. 

If,  therefore,  it  be  true  that  the  underbasals  had  no  important 
bearing  or  influence  upon  the  general  structure  of  the  Crinoids, 
there  is  no  good  reason  for  making  their  presence  or  absence  a 
family  character,  and  basing  thereon  a  division  to  rank  with  the 
Cyathocrinidaj  and  Ichthyocrinidoe,  whose  fundamental  structural 
plans  otter  broad  and  unmistakable  distinctions.  Nevertheless, 
tlie\'  are  not  without  importance  in  classiflcatiou,  and  certainly 
characterize  a  group  of  more  than  generic  value.  We  have  aceonl- 
ingly  brought  together  the  genera  of  this  family  in  which  these 
plates  exist  under  the  name  ^^ Rhodocrinidae.^^ 

The  great  family  Sphaeroidocrinida;  includes  a  vast  variety  of 
forms,  and  a  mere  separation  of  these  into  genera  does  not  meet 
the  requirements  of  a  systematic  classification.  We  find  that  the 
genera  fall  naturally  into  groups  which  are  well  defined.  These 
sulx>rdinate  groups,  which  are  three  in  number,  we  consider  to  be 
sub-families,  and  have  arranged  them  in  the  following  manner : 

1.  PLATTCRTNiDiE. — Undcrbasals  wanting ;  basals  and  first  radials 

forming  tlie  greater  part  of  the  calyx  ;  succeeding  primary 
radials  very  small  or  rudimentary;  all  higher  orders  of 
radials  embraced  within  free  rays ;  interradial  system  but 
little  developed. 

2.  AcTiNOCRiNiDiE.  —  Underbasal  wanting ;    calyx  ^jomposed  of 

basals ;  two  or  more  orders  of  radials ;  well  developed 
interradial,  and  often  interaxillary  series. 

3.  Rhodocrinid-*.  —  Underbasals  present ;     calyx  composed   of 

basals  and  several  orders  of  radials;  interradial  system 
well  developed. 

Before  proceeding  to  the  more  detailed  consideration  of  these 
groups,  we  will  consider  the  different  parts  of  which  the  body  in 
the  Spha?roidocrinidaj  is  constructed,  and  this  will  throw 
additional  light  upon  the  relations  of  the  subdivisions. 
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1.  Underbasals  and  Basals. 

The  genus  Olyptocrinus  Hall,  from  the  Lower  Silurian  is  one 
of  the  earliest,  most  beautiful,  and  most  instructive  types  of  the 
Palffiocrinoidea,  and  fortunately  is  often  found  in  excellent  preser- 
vation. Looking  at  the  great  number  of  plates  which  compose 
its  body,  at  its  elaborate  ornamentation,  one  is  naturally  inclined 
to  consider  this  as  one  of  the  most  maturely  developed  forms  in 
the  whole  family,  but  in  other  respects,  it  possesses  in  a  marked 
degree  the  characters  of  the  young  crinoid  of  later  geologic 
times. 

Olyptocrinus  was  originally  described  with  five  basals  and  no 
underbasals.  Hall  afterwards  discovered  in  GL  (Jecadactylus 
small  pieces  concealed  within  the  basal  cavity,  so  rudimentary, 
however,  that  both  he  and  Meek  hesitated  to  call  them  basals, 
although  both  authors  apply  that  term  to  the  proximal  plates  in 
all  other  cases.  Meek  distinguished  them  as  *'  subbasals.*-  We 
ha,ve  examined  the  plates  in  question  very  carefully  in  the  species 
named,  and  find  them,  although  very  rudimentary,  placed  within 
the  basal  ring,  hence  the}'  are,  according  to  our  terminology,  true 
underbasals,  and  not  as  Hall  descriljes  them  a  "  quinquepartite  '' 
upper  joint  of  the  column.* 

In  some  other  species  of  this  genus  the  underbasals  seem  to  be 
altogether  wanting,  at  least  are  not  developed  externall}'.  In 
Olyptocrinus  Dyeri  no  trace  of  them  can  be  discovered,  though 
we  have  examined  with  reference  to  this  point,  some  most  perfect 
specimens.  If  the  underbasals  were  elements  of  family  import- 
ance, Ql,  decadactylus  and  OL  Dyeri  would  be  representatives 
of  distinct  families. 

GlyptocrinuH  is  exclusively  a  Lower  Silurian  genus.  The  two 
8i)ecies  from  the  Upper  Silurian,  referred  to  it  by  Hall,  have  been 
transferred  by  us  to  other  genera.  One  of  these,  Mariacrinxis 
Carleyi,  is  another  interesting  case  illustrating  our  view  that  the 
underbasals  have  no  important  effect  upon  the  general  structure 
of  the  body.  M,  Carleyi  would  be  an  excellent  Olyptorrinm 
were  it  not  that  the  calyx  below  the  radials  is  composed  of  a  single 

^  The  underbasals  cannot  be  developed  from  a  columnar  joint,  or  their 
sutures  would  correspond  with  the  sutures  of  the  column  ;  whenever  this 
is  divided,  the  division  occui-s  alternately  with  that  of  the  underbasals,  and 
as  a  rule  alternately  with  the  proximal  ring  of  plates. 
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ring,  and  this  of  only  four  pieces.  Periechocrinus^  like  Marx- 
acrinua  an  Upper  Silurian  genus  and  like  it  without  underbasals, 
has  instead  of  four  or  five  basals,  only  three.  In  all  other 
respects  these  genera  agree  so  perfectly  with  Olypiocrinus  that 
they  cannot  be  distinguished,  proving  again  how  closely  Rhodo- 
crinidse  and  Actinocrinidee  are  linked  together,  and  that  they 
are  in  fact  variations  of  one  great  group. 

Where  underbasals  are  unrepresented,  families  have  frequently 
been  created  upon  the  number  of  the  basals,  and  Angelin  based 
his  entire  classification  upon  the  number  of  proximal  plates, 
whether  basals  or  underbasals.  Convenient  as  this  scheme  of 
classification  may  seem,  it  is  altogether  artificial,  and  combines 
forms  which  are  widely  different,  while  it  separates  others  which 
arc  clearly  allied. 

We  have  in  the  introduction  to  this  work,  page  17,  dwelt  at  some 
length  upon  the  basals  or  first  ring  of  plates  below  the  radiuls ; 
and  believe  we  have  shown  that  the  basal  disk,  whether  composed 
of  one,  two,  three,  four  or  five  pieces,  can  almost  invariably  be 
reduced  to  five  elementary  pieces,  and  that  all  deviations  from 
this  number  have  been  produced  by  anchylosis  of  two  or  more  of 
the  original  segments.  This,  of  itself,  is  a  strong  argument 
against  a  classification  based  upon  the  number  of  these  plates. 

Among  the  ActinocrinidsB,  only  a  few  genera  with  the  original 
five  basal  plates  are  known,  and  these  are  confined  to  the  Silurian ; 
indeed  we  have  good  reason  to  believe  that  only  the  very  earliest 
representatives  of  this  group  possess  a  base  divided  into  five 
pieces.  Genera  with  four  basals  commence  in  the  Silurian  and 
terminate  in  the  Devonian ;  while  genera  with  three  basals  are 
found  from  the  Upper  Silurian  to  the  close  of  the  Warsaw  lime- 
stone where  the  family  becomes  extinct.  The  genera  with  four 
basals  have  been  referred  by  us  partly  to  the  Actinocrinidse,  and 
partly  to  the  Calyptocrinidse.  The  latter  family  has  four  basals 
throughout,  but  even  here  this  number  cannot  be  considered  a 
family  character,  since  Melocrinus  and  MariacHnus^  which  have 
four  basals,  belong  undoubtedly  to  the  Actinocrinidffi.  Species 
with  three  basals  are  found  among  both  Actinocrinidie  and 
Platycrinidffi,  and  the  latter  are  by  no  means  restricted  to  this 
number,  as  Dichocrinus^  which  has  been  b}*  most  systematists 
placed  in  the  same  group  with  Platycrinus  and  HexacrinuSf  has 
but  two  basals. 
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It  is  apparent  from  these  fisuits  that  neither  the  existence  of 
underbasals,  nor  the  modifications  which  took  place  in  the  basal 
disk,  had  any  such  corresponding  effect  upon  the  general  structure 
of  the  crinoids  as  to  entitle  them  to  be  considered  characters  of 
family  importance,  though  in  distinguishing  subordinate  groups 
they  may  possess  some  value.  The  radial  and  interradial  plates 
are  elements  of  far  greater  value, 

2.  Radial  Plates. 

In  our  nomenclature  we  have  proposed  different  terms  for 
special  parts  of  the  ray,  discriminating  between  radials,  brachials 
and  arm  plates.  We  designate  as  ^*  radials  "  the  whole  succes- 
sion of  plates  above  the  basals  radially  situated  and  enclosed 
within  the  body  walls.  The  "arm  plates"  form  the  movable 
portion  of  the  ray;  the  "brachials,'*  while  radials  in  position, 
are  arm  plates  in  construction,  being  free  and  distinctly  articu- 
lated. The  term  "  brachials  "  is  therefore  purely  a  conventional 
one,  employed  for  greater  convenience  in  description.  We  desig- 
nate as  "primary  radials"  those  below  the  first  bifurcation, 
while  the  "  secondary  radials  "  compose  the  first  branches  of  each 
ray,  the  so-called  "  Distichalia''  of  Miiller  and  other  writers ;  and 
those  of  succeeding  bifurcations  are  distinguished  by  referring 
them  to  the  order  in  which  they  stand  in  succession.  Miiller,  in 
applying  the  term  "  distichalia,"  was  evidently  not  aware,  that 
there  are  many  fossil  Crinoids  in  which  these  plates  give  off 
branches  which  likewise  form  a  part  of  the  test,  otherwise  he 
would  not  have  regarded  the  arms  as  commencing  at  the  "  axil- 
lary distichals." 

Schultze,  in  his  Monograph  Echinod.  Eifl.  Kalk,  p.  5,  improved 
upon  Miiller's  views,  and  asserted  that  "the  commencement  of  the 
arms  begins  invariably  with  the  first  distinct  articulation  of  the 
ray."  Like  Miiller,  he  uses  the  term  "  distichalia  "  for  the 
secondary  radials,  and  proposes  no  name  to  designate  the  plates 
of  the  higher  branches  within  the  body.  Schultze  differs  from 
Miiller  in  designating  the  free  radials  as  arm  plates,  and  in  this 
he  agrees  with'  us ;  except  that  we  distinguish  those  arm  plates 
which  are  in  direct  vertical  line  with  the  radials  as  "  brachials.'' 

De  Koninck  and  Lehon  regarded  the  arms  as  beginning  from 
the  first  bifurcation  in  the  ray,  no  matter  whether  they  became 
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free  at  this  point,  or  remained  included  within  the  body  walls  for 
some  distance.  They,  however,  characterized  those  plates  which 
are  immovably  united  with  the  calyx — the  *'distichalia''  of 
Miiller— as  *'  pieces  brachiales,''  and  the  movable  joints  as 
"  articles  brachiaux." 

P.  Herbert  Car[)enter,  in  his  late  work  on  the  Acfinometraj  p. 
•22,  stites  that  the  views  of  De  Koninck  upon  the  relation  of  these 
})lates  were  unquestionably  correct  in  the  case  of  the  ^* Articulate 
Crinoids,''  but  that  their  application  to  the  ''fossil  Tesselata " 
was  beset  with  some  difficulties. 

We  do  not  exactly  coincide  with  any  of  these  views.  It  seems 
to  us  that  either  the  entire  radial  series  of  plates  within  the  calyx, 
eventually  up  to  the  sixth  division,  or  even  higher,  must  be  called 
radials,  or  this  term  must  be  restricted  to  the  first  radial  plate. 
The  first  primary  radials  are  the,  only  plates,  besides  the  basals, 
which  form  a  part  of  the  calyx  in  all  Crinoids,  and  which  can  be 
homologized  with  the  apical  plates  of  other  Echinoderms.  All 
succeeding  plates  in  the  series  are,  in  our  own  opinion,  originally 
arm  plates,  which  by  growth  during  the  life  of  the  individual — 
chiefl}',  no  doubt,  in  the  embryo — and  by  development  in  geologi- 
cal time,  were  enclosed  within  the  walls,  and  l)ecame  thus  modified 
into  radials,  the  change  being  produced  by  growth  and  the  devel- 
opment of  additional  interradials  and  interaxillary  pieces.  That 
this  was  the  case  in  the  higher  orders  of  radials  can  be  clearly 
demonstrated,  and  we  feel  confident,  from  analogy,  that  the  same 
rule  extends  to  the  plates  throughout  the  ray,  'which  in  turn 
suggests  the  idea  that  the  arms  fundamentally  commence  with 
the  second  radials,  and  not  with  the  axillary  plate  as  intimated  by 
Carpenter,  nor  with  the  distichalia  of  Miiller.  In  practice,  how- 
ever, and  in .  this  we  agree  with  Carpenter,  it  is  more  convenient 
to  regard  the  arms  as  commencing  with  the  first  free  plate  beyond 
the  calyx. 

The  radials,  as  we  designate  them,  consist  throughout  the  Sph^e- 
roidocrinidaj,  of  five  rows  of  plates,  of  two  to  three  each,  longi- 
tudinally arranged.  The  upper  one  bifurcates  and  supports  upon 
its  upper  sloping  sides  two  rows  of  one  or  more  smaller  plates— 
the  secondary  radials — which  in  turn,  either  support  the  arms 
directly,  or  divide  again,  and  are  followed  by  radials  of  the  third 
order.  In  species  of  the  latter  kind,  the  upper  plate  in  one  or  both 
divisions  is  axillary  and  supports  on  each  sloping  side  another 
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row  of  radials.  The  formation  of  higher  orders  of  radial s  takes 
place  in  a  similar  manner,  only  one  branch  generally  bifurcating, 
and  one  remaining  single.  In  species  with  but  two  orders  of 
radials  the  number  of  primary  arms  is  limited  to  two  in  each 
ray,  which,  however,  sometimes  branch  after  they  become  free. 
Species  with  tertiarj'  radials  may  have  either  three  or  four  arms  to 
the  ray,  depending  upon  whether  one  or  both  divisions  bifurcate. 
Upon  the  same  principle  species  with  four  orders  of  radials  may 
have  five  to  eight  arms,  and  those  with  a  fifth  order  may  have 
ftom  eight  to  twelve  and  even  sixteen.  The  first  number  can  only 
occur  when  all  the  branches  remain  simple ;  the  latter  when  they 
all  divide.  Hence  the  number  of  primjiry  arms  is  dependent  upon 
the  number  of  orders  of  radials  represented  in  the  species,  and 
whether  part  of  them  bifurcate  again  or  remain  simple.  It  is 
important  to  note  that  simple  arms  are  always  given  off  from 
opposite  sides  alternately. 

The  number  of  arms  is  most  frequently  only  of  specific  import- 
ance, but  in  cases  where  certain  rays  throughout  a  number  of 
species  are  distinguished  by  a  smaller  or  greater  number,  the  arm 
formula  may  become  almost  a  generic  character,  as  for  instance 
in  Batocrinusj  where  the  posterior  rays  are  generally  more 
developed.  In  JSretmocrinus  the  anterior  and  two  posterior  rays 
are  less  developed  than  the  antero-lateral  rays.  In  some  genera 
the  arms  appear  to  be  limited  to  a  certain  number,  in  others 
the}''  vary.  In  the  typical  Actinocrinus  there  are  species  with 
four,  five,  six,  seven  and  eight  arms  to  the  ray,  but  the  normal 
number  is  uniform  in  the  different  rays.  In  all  these  cases,  how- 
ever, as  well  as  not  unfrequently  within  the  limits  of  species, 
there  are  exceptions. 

3.  Interbadials  and  Anals. 

The  inteiradial  and  anal  plates  occupy  the  intermediate  spaces 
})etween  the  five  radial  divisions  or  rays  in  the  body,  and  their 
number  and  shape  depends  altogether  upon  tlie  number,  position 
and  proportions  of  the  radial  plates.  They  vary  from  a  single 
plate  to  twent}'  or  more,  but  are  represented  even  in  the  young 
crinoid  b}*^  at  least  one  plate.  In  species  in  whicH  the  secondary 
radials  of  adjacent  rays  abut  laterally,  the  number  of  intorradials 
is  naturally  small,  but  when  higher  orders  of  radials  are  present, 
and  especially  when  the  rays  are  widely  separated,  the  number  is 
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comparatively  much  larger.  When  the  second  and  third  radial« 
are  short,  the  number  of  interradials  decreases,  and  it  increases 
when  they  are  long  and  narrow.  This  increase  in  number  takes 
place  by  interpolation,  contrary  to  the  radials  in  which  the  increase 
is  from  the  distal  ends  of  the  rays.  The  interradials  are  designed 
to  fill  up  vacant  spaces  in  the  test,  and  this  accounts  to  some 
extent  for  the  great  diversity  which  is  found  in  their  number 
within  the  limits  of  a  genus,  and  within  species  at  different  stages 
of  maturity.  The  first  inten*adial  is  always  larger  than  any  of  the 
rest,  and  is  situated  between  the  upper  sloping  margins  of  the 
adjoining  first  radials,  except  in  some  species  of  the  Rhodocrinidae 
in  which  it  rests  directly  upon  the  basals,  separating  the  ring 
completely.  There  are  generally  two  plates  in  the  second  series, 
and  two  or  three  in  each  succeeding  one,  but  in  forms  where  the 
secondary  or  tertiary  radials  form  an  arch  over  the  interradial 
spaces,  as  in  Batocrinus,  there  is  often  only  a  single  plate  in  the 
second  or  third  series.  The  plates  decrease  in  size  upwards, 
those  of  the  uppermost  row  being  sometimes  barely  visible  to  the 
eye. 

The  posterior  or  anal  area  is  readily  recognized  in  most  of  the 
Sphieroidocrinidfl?  by  its  greater  width,  and  by  having  a  larger 
number,  and  a  somewhat  different  arrangement  of  plates.  In 
most  of  the  genera  the  first  anal  plate  is  in  line  with  the  first 
radials,  resting  upon  the  basals.  In  our  remarks  upon  the 
Cyathocrinidae  we  noted  tlie  fact  that  in  that  family  the  anal  plates, 
with  a  few  exceptions,  are  directed  toward  the  right  side.  In  the 
Sphieroidocrinidae,  on  the  contrar}*^,  the  symmetry  is  always  bi- 
lateral, in  some  cases  almost  perfectly  pentahedral,  and  a  vertical 
section  through  the  median  line  of  the  anal  area,  the  anal  aper- 
ture, the  central  dome  plate,  and  along  the  anterior  ray,  divides 
the  body  invariably  into  two  equal  parts,  and  this  symmetry,  which 
extends  to  the  arrangement  of  the  arms,  is  one  of  the  most  char- 
acteristic features  of  the  family. 

The  term  "anal  plates,"  as  now  used,  designates  the  entire 
series  of  plates  which  compose  the  posterior  interradius.  Properly 
speaking,  however,  this  is  not  quite  correct.  Careful  examina- 
tion shows  clearly  that  the  majority  of  these  plates  are  in  the 
true  sense  of  the  word  "  interradials,"  while  only  a  few  of  them 
arc  actually  "  anals,"  by  which  we  understand  plates  supporting 
the  anus,  or  that  can  be  accounted  for  as  being  in  any  way,  directly 
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or  indirectly,  connected  with  that  organ.  In  the  earlier  genera, 
Olyptocrinus,  Beteocrintis^  Qlyptaster^  Archaeocrinus,  Eucrinus^ 
and  in  all  genera  up  to  the  Subcarboniferous  in  which  the  anal 
opening  is  lateral,  the  posterior  area  is  distinctly  divided  into  two 
equal  parts  by  a  single  median  row  of  plates.  This  row,  which 
often  extends  to  the  anal  opening,  is  composed  of  the  true  anal 
plates,  but  the  plates  on  either  side  of  it  are  interradials.  By 
considering  the  latter,  without  regard  to  the  median  row,  it  will 
be  found,  that  the  two  sections  taken  together  correspond  exactly 
in  number  and  general  arrangement  with  the  interradials  of  the 
other  areas,  or  at  least  differ  not  more  than  the  other  four  differ 
among  themselves.  But  it  must  be  observed  that  in  genera  in 
which  the  first  anal  plate  rests  directly  upon  the  basals  ( Olyptaster, 
Eucrinus^  Dorycrinus^  etc.),  the  first  true  interradial  in  the  pos- 
terior area  is  divided,  and  is  represented  by  two  smaller  plates, 
separated  by  a  special  anal  plate  (PI.  XIX,  fig.  2).  In  these  genera 
the  anals  proper  extend  from  the  basals  to  the  anal  aperture. 
Olyptocrinus  and  its  congeners,  in  which  there  is  no  anal  piece 
represented  between  the  first  radials  and  in  which  the  first  interra- 
dial range,  consists  of  a  single  plate  in  all  five  spaces,  the  special 
anal  plates  begin  with  the  second  range  in  which  there  are  three 
plates.  In  later  geological  times,  when  the  anal  opening  became 
more  central,  the  special  anal  plates  decreased  to  two  or  three, 
and  in  the  typical  Actinocrinidse  in  which  we  include  the  genera 
Aciinocrinus^  AmpfvoracrinuB^  Strotocrinus,  Physetocrinvs  and 
SteganocrinuSj  they  are  reduced  to  a  single  plate. 

Some  of  the  Platycrinidie  have  no  special  anal  piece,  and  the 
posterior  side  differs  merely  by  having  a  somewhat  larger  inter- 
radial, others  however,  as  Dichocrinus  and  Hexacrinus^  have  a 
very  large  special  plate.  In  some  of  the  Rhodocrinidse,  like  the 
Calyptocrinidae,  the  symmetry  of  the  cal3'x  is  almost  regularly 
pentahedral,  and  none  of  the  plates  of  the  posterior  side  are 
actually  anals. 

4.  Interaxillart  Plates. 

The  space  within  the  axil  of  the  secondary  radials  is  frequently 
filled  by  plates,  for  which  we  proposed  in  the  first  part  of  this 
work  the  name  '*  axillary  plates."  This  designation  is  undoutedly 
appropriate,  but  finding  that  it  had  been  previously  used  b}-  several 
authors  for  the  bifurcating  plates,  we  have  thought  best,  in  order 
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to  avoid  confusion,  to  use  the  term  "  interaxillary "  for  these 
plates. 

In  tlie  Platycrinidip,  which  have  rarely  more  than  a  single  order 
of  radials  within  the  calyx,  interaxillary  plates  are  not  represented. 
In  the  Actinocrinidaj  and  Rhodocrinida?  they  may  be  present  or 
absent  in  the  same  species,  and  sometimes  in  different  rays  of  the 
same  specimen,  their  number,  like  that  of  the  interradials,  increas- 
ing with  age. 

Roomer  and  Joh.  Miiller  considered  the  presence  of  interaxll- 
laries  as  of  generic  value,  and  the  latter  proposed  a  division  of 
the  genus  Actinocrinus^  placing  all  s[)ecies  having  those  plates 
under  Pyxidocrinus;  but  it  is  evident  that  such  a  division  is  alto- 
gether artificial  and  not  warranted  by  the  facts,  and  if  carried  out 
would  produce  confusion. 

5.  Vault. 

One  of  the  writers,  in  a  paper  w\K>n  "  the  internal  and  external 
structure  of  Paleozoic  Crinoids  "  (Am.  Jour.  Sci.,  Sept.  187T), 
discussed  the  importance  of  the  vault  with  reference  to  classifica- 
tion. It  was  noted  thnt  in  a  large  number  of  genera,  among  them 
Actinocrimts,  RhodocHnus  and  Plahjcrinus^  and  their  allies,  the 
ventral  covering  is  composed  of  strong  plates  closely  cemented 
together,  and  that  these  form  a  free  arch  which  braces  the  entire 
oral  side  of  the  body  without  the  aid  of  oral  plates.  This  is  the 
general  character  of  the  vault  in  the  family  under  consideration. 

The  vault  in  the  Sphwroidocrinidte  is  usually  well  preserved, 
owing  to  its  solid  structure,  and  is  capable  of  accurate  definition. 
Its  plates  vary  from  a  few  to  many  hundred;  but,  notwith- 
standing this  diversity  in  number,  their  arrangement  is  governed 
by  definite  rules.  Certain  of  these  plates,  which  we  have  termed 
the  **  apical  dome  plates,"  are  represented  in  every  species  of  this 
group.  They  consist  of  a  central  piece,  occupying  a  position 
directly  above  the  oral  centre,  which  in  this  family  is  quite 
uniformly  the  centre  of  the  disk.  It  is  surrounded  by  six  prox- 
imal plates,  interradial  in  position,  of  which  four  are  large,  and 
equal,  and  two  smaller.  The  four  large  plates  are  placed  above 
the  four  regular  interradial  spaces  respectively  ;  the  two  smaller 
plates  which  are  equivalent  to  and  take  the  place  of  one  large  plate, 
are  directed  posteriorly,  being  separated  from  each  other  by  anal 
plates  or  the  proboscis.  These  seven  plates  are  easily  recognized 
in  species  with  comparatively  few  summit  pieces  and  a  lateral 


1881.]  NATURAL  SCIENCES  OF  PHILADELFUIA.  189 

anal  aperture  (PI.  XVIII,  figs.  T  and  9),  but  their  identification  is 
often  difficult  in  forms  in  which  a  large  subcentral  anal  tul>e  is 
interposed  between  the  two  small  plates,  pushing  them  toward 
the  anterior  side,  while  the  central  piece  rests  against  the  side  of 
the  anal  tube.    (PL  XVIII,  fig.  8). 

There  are  other  vault  pieces  occupying  a  radial  position  which  are 
3ither  in  contact  with  those  just  described,  or,  as  is  more  frequently 
the  case,  separated  from  them  by  a  belt  of  small  pieces.  Their 
number  varies  considerably  among  species,  and  depends  upon  the 
number  of  primary  arms,  without  reference  to  the  number  of  bifur- 
cations alter  they  become  free.  They  increase  in  proportion  to 
the  number  of  primary  arms,  in  the  same  manner  and  on  the  same 
principle  as  the  plates  of  the  calyx,  each  order  of  radials  has  its 
corresponding  plates  in  the  vault.  Therefore,  in  adult  specimens, 
with  some  practice  the  number  of  arms  can  be  ascertained  as  well 
from  the  dome  as  from  the  calyx.  In  species  with  two  arms  to 
the  ray,  there  are  two  ranges  of  corresponding  radial  plates  in  the 
dome  ;  the  first  or  upper  being  a  large  bifurcating  plate,  equiva- 
lent to  the  primary  radials  of  the  calyx.  This  is  followed  by  two 
other  plates,  which  take  the  place  of  the  secondary  radials,  one 
over  each  arm  base,  with  a  third  plate — an  interbrachial — between 
them. 

When  there  ai'e  three  arms  to  the  ray,  there  are  three  ranges 
of  radial  dome  plates,  two  plates  in  direct  succession  from  the 
large  bifurcating  plate  toward  the  single  arm,  and  a  second  bifur- 
cation, with  one  plate  in  each  branch,  toward  the  division  with  two 
arms.  In  species  with  four  arms  to  the  ray,  there  are  two  secondary 
bifurcations,  producing  radial  dome  plates  of  a  third  order,  leading 
to  each  arm  base,  and  so  on.  There  are  also  interradial  plates 
represented  in  the  summit,  occupying  intermediate  spaces  between 
the  radials,  but  their  arrangement  is  very  irregular  and  their 
number  variable.  In  some  genera  the  number  of  vault  pieces  is 
enormous,  notably  in  Strotocrinus,  which  has  a  large  number  of 
arms.  Looking  at  such  a  specimen  with  its  vast  number  of 
apparently  irregular  vault  pieces,  one  would  scarcely  expect  to 
find  this  multitude  of  plates  arranged  upon  a  definite  plan  ;  and 
this  the  same  that  prevails  in  the  calyx. 

We  have  called  the  principal  plates  in  the  vault  apical  dome 
plates,  because  they  correspond  to  the  apical  plates  of  the  aboral 
side.     The  six  proximal  plates  surrounding  the  central  piece  repre- 
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sent  the  basals  or  genitals,  and  the  radial  dome  plates,  the  radials 
or  ocalars.  The  centre  piece  may  perhaps  be  compared  with  the 
i^iderbasals,  or  the  snbanal  plate  of  the  Echini. 

The  apical  dome  plates,  as  the  apical  plates  of  the  calyx,  are 
fundamental  elements,  and  are  represented  in  the  vault  of  all 
SphseroidocrinidflB  both  in  the  young  and  the  adult,  from  the 
Lower  Silurian  to  the  Subcarboniferous.  They  are  generally 
larger  than  the  other  dome  plates,  and  more  prominent,  frequently 
nodose  or  spiniferous,  though  in  some  species  they  cannot,  at 
least  in  mature  specimens,  be  readily  distinguished  ftrom  the  other 
dome-plates  which  have  attained  equal  size.  In  some  genera, 
for  instance,  CulicocrinuSy  Miiller,  they  occupy  almost  the  entire 
ventral  disk ;  in  Olyptocrinus  and  Bhodocrinus,  on  the  contrary, 
they  All  only  the  median  part.  In  some  species  of  Dorycrinus 
the  central  piece  is  spiniferous  and  the  radials  nodose  ;  in  others, 
all  these  plates  are  spiniferous.  In  Amphoracrinua  only  the  four 
larger  proximal  dome  plates  are  nodose  or  spiniferous  ;  in  Agari- 
cocrinus  all  apical  plates  are  tuberculose ;  in  Batocrintts  the  entire 
dome  is  composed  of  nodose  plates.  The  proximal  plates  in  some 
species  are  attached  to  the  centre  plate,  in  others  separated  from 
it  by  a  ring  of  small  accessory  pieces,  and  in  still  others  the  centre 
piece  is  entirely  isolated  by  the  wide  belt  of  minute  pieces.  The 
latter  is  frequently  the  case  in  large  specimens,  and  in  genera  with 
but  few  primary  arms,  like  Megistocrinus.  In  this  genus  it  is  inter- 
esting to  And  in  very  young  specimens  and  in  the  smaller  species 
the  central  and  proximal  plates  in  contact,  while  in  the  larger  and 
adult  specimens  all  are  isolated,  even  the  proximal  plates  being 
separated  from  each  other.  The  radial  dome  plates  are  sometimes 
attached  to  the  other  apical  plates,  frequently  so  in  young  speci- 
mens, and  generally  in  the  Platycrinidee. 

In  PlatycrinuB  the  radial  series  of  the  dome  is  composed  of 
two  rows  of  pieces  alternately  arranged,  which  decrease  in  size 
toward  the  arm  bases,  and  of  which  the  first  and  larger  plate  fits 
in  the  angle  of  two  adjacent  proximal  plates. 

The  vault  of  the  Platycrinidae  differs  in  several  particulars 
from  that  of  the  other  Sphseroidocrinidse,  and  in  these  same  char- 
acters it  approaches  the  Cyathocrinidse.  We  elsewhere  suggest 
that  the  Platycrinoid  is  the  simplest  form  of  the  Sphseroido- 
crinidse,  and  that  it  represents  the  younger  stage  of  the  family. 
This  is  indicated  by  the  construction  of  the  calyx,  but  not  less  by 
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the  structure  of  the  vault  In  the  genus  Coccocrinus  Miiller, 
one  of  its  eariiest  forms,  the  vault  is  composed  of  five  large  oral 
plates,  resting  upon  the  upper  truncate  side  of  a  single  interradial, 
and,  as  found  in  the  fossil,  it  has  a  central  oral  opening  and 
lateral  grooves  for  the  ambulacral  furrows.  Zittel  has  already 
noted  the  close  resemblance  of  the  above  structure  with  the  recent 
genus  Syocrinus  W^'ville  Thomson,  and  the  larval  state  of 
(7oma/uZa,  calling  it  very  appropriately  ^^  ein  embryonalcs  Stadium 
von  Comatula  in  persistenter  Form."  The  similiarity  to  ffyo- 
crinus  is  probably  merely  superficial,  as  the  lateral  grooves  in 
Coccocrinus  were  evidently  closed  by  additional  plates  as  in  other 
Platycrinidse,  while  they  are  open  in  Hyocrinus,  The  oral  plates 
of  Coccocrinus  have  been,  by  several  authors,  confounded  with  an 
apparently  similar  superstructure  in  SymbatfiocrinuSj  Triacrinus 
and  other  forms,  but  there  is  really  no  analogy  between  the  two 
structures.  The  parts  which  enclose  the  opening  at  the  oral 
centre  in  the  latter  forms  are  radial  in  position,  and  therefore 
not  oral  plates,  but  merely  extended  articulating  facets  of  the 
radials.  In  those  genera,  the  central  space,  like  the  opening  at 
the  centre  of  the  oral  plates,  is  also  closed  in  perfect  specimens 
by  apical  dome  plates,  which  rest  directly  upon  the  extended  pro- 
cesses. This  group  will  be  introduced  hereafter  as  a  separate 
ilEimily  under  the  name  Symbathocrinidee. 

The  ventral  disk  in  Coccocrinus  bears  a  close  resemblance  to 
that  of  CycUhocrinua^  but  while  the  former  has  an  additional  inter- 
radial  interposed  between  its  radial  and  oral  plates,  in  Cyatho- 
crinus  the  intermediate  plate  is  absent,  and  the  oral  plate  rests 
against  the  incurved  upper  margins  of  the  radials.  In  Platycrinus 
and  similar  genera,  the  two  series  of  alternate  plates  which,  as 
mentioned  before,  cover  the  radial  regions  of  the  dome,  are  inter- 
posed between  three  and  sometimes  five  interradial  plates,  which 
in  Coccocrinus  as  oral  and  interradial  plates  occupy  the  same 
position.  This  suggests  the  question  whether  these  plates  in  the 
Platycrinidse,  and  the  interradial  dome  plates  in  the  Sphseroido- 
crinidffi  generally,  are  not  the  homologues  of  the  oral  plates,  which 
are  here  broken  up,  and  represented  by  several  plates  instead  of 
one.  This  interpretation  seems  to  us  the  more  probable  because 
Coccocrinus  is  one  of  the  earliest  known  forms  of  the  Platycrinidse, 
and  may  be  considered  an  embryonic  type  of  the  family. 
The   homology   in   PlatyerinuSj  however,  extends  only  to  the 
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second  or  upper  row  of  intcrradials,  the  first  interradial,  which 
exceptionally  in  this  group  is  placed  almost  within  the  dome 
regions,  is  identical  with  the  outer  interradial  plate  of  Coccocrinus, 
and  as  such  forms  part  of  the  apical  and  not  of  the  oral  system. 

This  view  differs  somewhat  from  that  expressed  by  us  in  Part 
I,  p.  13,  where  we  stated  that  the  oral  plate  of  the  Cyathocrinidaj 
had  "  no  representative  in  the  vault  of  the  Actinocrinida?,  at  least  not 
externally;  "  we  were  not  at  that  time  acquainted,  with  the  genus 
Coccocrinus^  which  has  given  us  new  light  upon  the  subject.  We 
have  thought  heretofore  that  perhaps  the  triangular  porous 
structures  arranged  around  the  inner  test  of  many  Actinocri- 
nida, might  be  the  homologues  of  the  oral  plates. 

The  vault  throughout  the  Spha^roidocrinidse  is  perforated  with 
a  single  opening,  which  in  all  of  them  is  more  or  less  excentric  ; 
in  some  lateral  and  placed  toward  the  periphery  of  the  disk ;  in 
others  sub-central  leaning  toward  the  posterior  side  of  the  body. 
The  construction  of  the  parts  at  the  inner  surface  of  the  dome 
proves  that  the  opening  communicated  with  the  posterior  side  of 
the  visceral  cavity,  not  with  the  digestive  organs.  It  is  separated 
from  tlie  ambulacral  and  oral  systems  by  a  strong  partition 
attached  to  the  inner  surface  of  the  vault,  and  hence  the  opening 
represents  the  anus,  and  is  not  the  oral  aperture,  as  has  been 
supposed  by  the  earlier  writers. 

The  anus  is  either  in  the  form  of  a  simple  opening  through  the 
vault,  or  is  prolonged  into  a  tube,  which  in  Batocrinus  sometimes 
attains  a  length  of  three  times  the  height  of  the  body  including 
the  arms.  The  tube  is  in  all  cases  composed  of  heavy,  generally 
nodose,  wedge-form  pieces,  which  are  firmly  put  together,  giving 
but  little  flexibility  to  the  structure.  It  has  no  openings  or  pores 
through  its  plates  or  at  the  sutures,  but  has  in  the  centre  a 
comparatively  small  passage,  with  a  minute  outlet  at  the  extremity. 
In  cases  where  the  anus  is  not  extended  into  a  tube,  the  aperture 
is  generally  situated  within  the  centre  of  a  wart-like  inflation  com- 
posed of  very  small  pieces.  It  is  possible  that  in  such  cases  the 
small  inner  [»lates  formed  a  little  pliable  tube,  which  could  be 
drawn  in  by  the  animal  like  the  anus  in  recents  Crinoids,*  but  a 

*  In  the  ^cnus  Codonites  of  the  Blastoidea,  we  find  in  connection  with 
the  anal  opening  a  similar  little  tube,  which  we  found  in  one  specimen 
extended  outward,  while  in  another,  traces  of  its  little  plates  are  left 
within  the  opening. 


1881.]  NATURAL  SCIENCES  OF  PHILADELPHIA.  193 

contraction  of  the  long  solid  tube  of  Adinocrinus,  as  has  been 
suggested  by  Austin,  is  wholly  impossible. 

There  has  been  considerable  difference  of  opinion  as  to  whether 
species  with  a  solid  anal  tube  should  be  separated  from  those  with 
a  simple  opening.  Cousidering  tlie  slight  distinctions  upon  which 
many  of  the  genera  have  been  founded,  it  would  seem  that  the 
tubular  structure  ought  to  be  of  sufficient  impoi-tance  to  justify  a 
generic  separation;  but  when  we  con8i<ler  that  various  generic 
groups,  after  being  carefully  restricted  with  reference  to  all  other 
characters,  include  both  forms,  its  value  as  a  full  generic  character 
must  be  somewhat  doubtful.  We  once  supposed  that  it  might  be 
a  sexual  difference,  but  the  specific  relations  of  the  forms  thus 
distinguished  do  not  sustain  that  supposition.  Both  forms  are 
not  found  in  all  the  groups,  though  they  exist  in  man}',  and 
throughout  all  divisions  of  this  family.  In  some  cases  generic 
separations  have  been  made  upon  this  character,  as  for  instance 
Physetocrinus  has  been  divided  from  ActinocrinuH^  Alloprosallo- 
crinus  from  Agaricocriyuis^  etc.,  while  in  other  cases  as  Flaiy- 
crinua,  Olyptocrinus  and  Sirotocrinus  both  forms  have  been 
retained  in  the  same  genus.  It  must  also  be  obser^'ed,  in  this 
connection,  that  in  some  cases,  especially  species  with  a  very 
slender  proboscis  like  Batocrinus  rotundus^  we  find  occasionally 
specimens  in  which  the  tube  seems  to  have  been  accidentally 
broken  away  during  the  life  of  the  animal,  and  in  which  the 
fractured  edges  of  its  base  had  become  absorbed  and  rounded, 
giving  it  the  appearance  of  a  naturally  simple  opening.  That  the 
simple  opening  could  have  been  produced  in  a  like  manner  in 
Sirotocrinus  and  other  genera,  no  one  would  for  a  moment  suppose 
after  examining  good  specimens. 

The  fact  that  the  crinoid  lived  on  without  the  tube,  at  least 
proves  that  this  structure  had  no  important  influence  upon  the 
general  organization  of  these  animals. 

A  tube  is  more  frequently  found  in  genera  in  which  the  arms 
are  arranged  in  a  continuous  series  around  the  body,  while  in 
species  with  a  simple  lateral  opening  the  arms  are  arranged  more 
or  less  in  clusters,  leaving  wide  spaces  between  the  rays.  In  the 
former  case,  the  long  tube  could  discharge  the  excrements  free 
from  the  arms,  and  in  the  latter  it  was  not  needed  as  the  refuse 
matter  could  be  easily  discharged  between  the  bases  of  the  arm 
clusters.     In  view  of  these  facts,  we  think  a  subgeneric  division 
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sufficient  to  mark  the  two  structures,  but  this  should  be  done 
uniformly  and  we  shall  accordingly  propose  subgenera  where 
necessary  for  this  purpose. 

The  vault  does  not  completely  cover  the  calyx,  but  leaves  along 
the  line  of  junction  a  row  of  oval  or  circular  passages  which  have 
been  called  arms  or  ^^  ambulacral  openings.''  The  belt  in  which 
they  occur  is  known  as  the  "  arm  regions,"  and  their  distribution 
in  the  different  rays  is  expressed  by  the  "  arm  formula."  Through 
the  arm  openings  which  are  very  conspicuous  in  the  Sphseroido- 
cnnidae,  food  entered  the  body,  and  they  served  as  passages  for 
the  ambulacral  vessels.  In  a  mature  specimen  the  numl^er  of 
primary  arms  can  be  ascertained  by  counting  the  arm  openings  ; 
but  not  always  in  young  specimens,  or  in  species  in  which  the 
radial  portions  are  extended  into  free  rays. 

By  "  free  rays  "  we  mean  lateral  extensions  of  the  body,  com- 
posed of  a  succession  of  radials,  unconnected  by  interradials,  and 
covered  with  similar  plates,  as  solidly  and  in  the  same  manner  as 
the  radial  portions  of  the  dome  proper.  These  free  rays,  whether 
composed  of  only  a  few  plates  as  in  PlatycrinuSy  or  extended 
almost  to  the  full  length  of  the  arms  as  in  Eucladocrinus  and 
Steganocrinus,  are  actually  portions  of  the  body,  and  the  arms  are 
given  off  from  them  in  the  same  manner  as  from  the  body  in  other 
cases. 

In  the  Platycrinidae  generally,  there  are  within  the  calyx  primary 
radials  only,  all  the  higher  orders  of  radials  being  included  within 
the  free  rays.  In  the  body  of  a  Platycrinus  in  its  ordinary  preser- 
vation, we  find  but  five  arm  openings,  but  whenever  the  bifurcating 
plate  is  well  preserved  at  its  distal  end,  ten  openings  are  visible,** 
and  these  form  passages  for  the  free  rays  which  here  divide,  each 
branch  giving  off  arms  laterally  and  from  opposite  sides.  The 
free  rays  are  rarely  preserved  in  the  fossil  unless  the  arms  are 
attached,  when  they  really  appear  like  arms  and  have  been 
described  as  such.  That  they  are  not  arms  is  proved  by  the  fact 
that  their  ventral  side  is  not  provided  with  a  furrow,  but  is 
covered  in  the  same  way  as  the  vault  proper.  In  these  forms,  as 
might  be  expected,  the  number  of  arms  cannot  be  determined  from 

^  This  proves  that  P.  Herbert  Carpenter  is  correct  in  saying  that  the 
division  of  the  arms  actually  begins  at  the  middle  of  the  bifurcating  plates, 
(on  Actinometra,  p.  22). 
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the  arm  openings,  unless  the  fiill  length  of  the  ray  is  preserved ; 
any  fracture  of  the  ray,  whether  cutting  off  one  arm  or  a  dozen, 
shows  in  the  specimen  only  a  single  opening. 

The  Platycrinoid  with  its  simple  form,  is  similar  in  structure 
to  the  young  Actinocrinoid,  in  which  some  portions  of  the  ray  are 
yet  in  the  condition  of  free  appendages.  The  young  Actinocrinoid, 
at  this  stage,  has  the  same  number  of  arms  as  the  adult ;  but  in 
species  with  numerous  arms,  the  upper  divisions  of  the  ray,  which 
in  the  mature  animal  are  incorporated  in  the  body  walls  by  means 
of  interradial  and  interaxillary  plates,  form  free  appendages  in 
the  younger  stage,  and  consequently  the  number  of  arms  is 
comparatively  less  than  in  fiill  grown  individuals.  In  Stroto- 
crtnM«,  which  has  the  greatest  number  of  arms,  we  find  in  very 
young  specimens  only  four  arm  openings  to  the  ra}' ;  approaching 
matnrity  there  are  eight,  afterwards  twelve,  and  in  fully  matured 
individuals  there  are  perhaps  sixteen  or  more.  Specimens  in 
different  stages  of  growth,  have  fi-equently  been  described  as 
distinct  species  on  account  of  variation  in  the  number  of  arm 
openings  ;  and  this  has  even  been  extended  to  genera.  As  growth 
progressed,  the  upper  branches  gradually  lost  their  free  character 
by  being  absorbed  into  the  body  walls  through  the  interpolation 
of  inteiradials  and  interaxillaries,  both  in  the  calyx  and  in  the 
vault.  The  plates  which  covered  the  ventral  side  of  the  free 
ap])endages  were  thus  drawn  into  the  vault,  and  became  at  length : 
a  part  of  the  main  body ;  but  the  Platycrinida?,  which  have  no 
interaxillaries  nor  increase  of  interradials,  retain  the  free  append- 
ages during  life. 

As  a  general  rule  it  may  be  asserted,  that  in  the  Sphteroido- 
crinidffi  the  plates  of  the  vault  increase  in  number  outward  in  a 
similar  manner  to  the  plates  of  the  calyx.  The  various  plates  of 
which  the  body  is  composed  might  be  separated  into  two  classes : 

1.  Plates  which  either  do  not  increase  in  number,  or  do  so  only 
at  the  distal  ends,  and  not  by  interpolation,  including  the  basals, 
radials  and  arm  plates. 

2.  Plates  which  increase  by  interpolation  only,  including  the 
underbasals,  interradials,  anals  and  interaxillaries,  to  which  we 
might  add  the  joints  of  the  column. 
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6.  Arms  and  Pinnules. 

Tlie  arms  in  the  Sphfleroidocrinidoe  are  either  simple  or  branch- 
ing, and  are  constructed  either  of  a  single  or  double  series  of 
joints.      Single  arm  joints  are   restricted   to  the   Silurian,   all 
Devonian  and  Subcarboniferous  genera  have  two  rows  of  alter- 
nately arranged  joints  in  the  arms.    In  the  Cyathocrinidae,  almost 
to  the  close  of  the  Subcarboniferous,  the  arms  are  composed  of 
single  joints,  but  in  the  Kaskaskia  Limestone  and  Coal  Measures 
a  few  species  occur  with  double-jointed  arms,  intermingled,  how- 
ever, with  species  apparently  of  the  same  genus,  in  which  the  arras 
are  constructed  of  single  wedge-form  joints  alternately  arranged. 
These  two  structures   run  so  closely  into  each  other  through 
transition  forms,  that  we  have  been  compelled  to  arrange  them 
in    some   cases   under   the   same  genus,  although  we   have   in 
other  cases  considered  the  arm  structure  to  be  of  generic  import- 
ance.    For  this  we  have  been  criticised  by  Prof.  Wetherby,  of 
Cincinnati,  who  thinks  it  '^  a  singular  statement,  that  a  character 
in  forms  of  the  same  geological  age  may  be  generic  in  one  case, 
and  only  specific  in  another."     He  evidently  overlooks  the  fact 
that  all  Crinoids  in  their  young  stage  have  single-jointed  arms, 
and  that  tlie  double-jointed  feature  is  a  product  of  growth  which 
primarily  was  only  an  individual  variation,  but  which,  by  becom- 
ing fixeil  and  constant  in  certain  forms,  attained  generic  value, 
especially  when  taken  in  connection  with  other  characters.     The 
best  specific  and  generic  and  even  family  characters,  originated  in 
individual  variation,  and  at  some  period  in  the  paleontological 
history  of  the  organism  were  without  value  as  a  means  of  classi- 
fication.    Near  the  close  of  the  existence  of  the  family  Cyatho- 
crinida^,  the  double-jointed  arm  structure  began  to  be  developed, 
in  some  forms  irregularly,  in  others  to  such  a  degree  as  to  be 
constant,  and  to  form  a  distinguishing  characteristic  of  many 
species,  which  thus  fell  naturally  into  a  generic  group.     This 
process  is  illustrated   in  Eupachycrinusy  Hydreionocrinus  and 
Eriaocrinus,  and  there  are  similar  examples  among  the  Sphaeroido- 
crinidffi.     The  young  Platycrinus  and  Actinocrinus  have  a  single 
series  of  cuneiform  arm  joints,  which  are  constructed  exactly  like 
those  of  the  adult  Poteriocrinus^  and  the  pinnules  are  given  off  in 
a  like  manner.     At  a  more  advanced  stage  the  joints  begin  to 
enlarge  laterally  in  such  a  manner  that  the  sharp  inner  angles 
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interlock.  This  process  commences  at  the  extremities  of  the 
arms,  and  gradually  involves  the  lower  portions  down  to  the  bases. 
During  this  stage  we  often  find  the  lower  arm  joints  quadrangular, 
with  parallel  sutures,  followed  by  wedge-form  and  cuneiform  pieces, 
and  finally  the  tips  constructed  of  a  double  series  of  plates. 

The  same  development,  which  thus  took  place  during  the  life  of 
the  individual,  is  observed  to  go  on  in  geological  times,  but  not 
contemporaneously  in  different  families.  In  the  Actinocrinidie 
and  Platycrinidffi  it  became  complete  in  the  Silurian,  and  is  found 
invariably  in  all  succeeding  forms.  In  the  CyathocrinidHe,  that 
structure  appeared  only  at  the  close  of  the  Subcarboniferous, 
shortly  before  the  family  became  extinct.  In  this  group,  the  arm 
pieces  attained  that  marked  wedge-form  which  everywhere  pre- 
ceded the  double  joints  in  the  Burlington  limestone,  and  here  in 
some  species  of  Poteriocrinus  and  Cceliocrinus  the  plates  began 
to  interlock  already  at  the  tips  of  the  arms.  This  became  more 
frequent  and  more  conspicuous  in  the  Easkaskia  group,  where  in 
some  few  cases,  it  extended  to  the  entire  arm. 

The  different  stages  of  individual  growth,  as  they  became  gradu- 
ally introduced  paleontologically  and  fixed,  undoubtedly  form 
excellent  generic  characters,  but  we  must  not  forget  that  there 
was  a  time  in  the  life  of  the  crinoid  at  which  the  arms  were 
neither  single-  nor  double-jointed,  but  at  which  the  joints  began 
to  interlock,  and  when  probably  a  very  few  days  brought  about 
important  changes  in  the  arms  of  the  growing  animal.  This 
stage  is  represented  paleontologically  among  the  Cyathocrinidse 
by  Eupachycrinu8^  Erisocrinus  and  Hydreionocrimts,  and  in  this 
view  of  the  case  it  is  not  difficult  to  understand  how  this  arm 
structure  may  be  of  generic  importance  as  a  rule,  but  scarcely  of 
specific  value  in  exceptional  cases. 

It  has  been  stated  that  the  double-joint  structure  was  introduced 
in  the  Sphaeroidocrinidfle  in  the  Silurian,  and  this  occurred  under 
exactly  the  same  conditions  as  it  did  later  on  in  the  Cyathocri- 
nidse.  By  far  the  greater  number  of  species  in  the  Lower  Silurian 
have  single  arm  joints,  and  these,  with  a  few  exceptions,  consist  of 
quadrangular  pieces  with  parallel  sutures.  In  the  Upper  Silurian 
we  find  a  few  forms  with  single  joints,  and  along  with  them  arms 
with  cuneiform  joints — either  interlocking  or  not — associated  in 
the  same  strata  with  species  having  double  series  of  arm  plates, 
and  we  find  all  intermediate  gradations  between  the  two  extremes. 
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In  some  of  these  species  the  two  structures  are  found  combined, 
in  others  so  closely  associated  that  it  is  next  to  impossible  to 
separate  them;  and  in  still  others  the  extremes  are  separately 
represented.  Generic  divisions  based  upon  these  variations,  unless 
accompanied  by  other  distinctive  characters,  seem  to  be  unneces- 
sary and  inexpedient.  It  would  require  the  creation  of  a  large 
number  of  new  genera,  which  would  probably  have  to  be  sub- 
divided to  accommodate  other  transitional  forms,  and  so  on  with- 
out end. 

The  double  series  of  Joints  resulted  from  the  increasing  width 
and  outward  growth  of  the  arm  ;  hence  arm  joints  which  originally 
were  simple  and  cuneate  did  not  in  the  mature  animal  extend 
through  the  full  width  of  the  arm,  but  gradually  interlocked  by 
their  sharp  angles,  so  that  joints  on  each  side,  which  at  first  were 
separated  by  another  joint,  came  by  degrees  to  be  partly  in  con- 
tact and  to  rest  upon  each  other.  Therefore,  in  double-jointed 
arms  every  joint  at  each  side  bears  a  pinnule,  while  in  those  with 
single  joints  the  pinnules  are  found  only  on'  alternate  sides. 

The  arms  in  the  Actinocrinidee  and  Platycrinidte  divide  rarely 
flfter  they  become  free,  the  branching  as  a  rule  taking  place  in  the 
body  or  in  the  free  rays,  Megistocrinus^  Amphoracrinus^  and 
Periechocrinus  form  the  only  exceptions.  In  the  Rhodocrinidse, 
on  the  contrary,  the  arms  branch  as  a  rule  beyond  the  calyx. 

The  ventral  grooves  in  the  arms  of  this  family  are  less  deep, 
but  comparatively  wider  than  those  of  the  Cyathocrinidae.  They 
are  .bordered  on  each  side  by  a  row  of  long  pinnules,  which  cover 
them  perfectly'.  Whether  the  grooves  were  closed  by  marginal 
plates  seems  to  us  doubtful,  although  Prof.  Wetherby  states  that 
he  has  observed  such  plates  in  Olyptocrinus,  they  probably  occur 
below  the  bifurcation  where  the  arms  should  be  regarded  as  free 
rays,  or  perhaps  they  are  restricted  to  oral  arms,  such  as  P.  Herbert 
Carpenter  describes  in  Actinometra. 

The  pinnules  throughout  this  family  are  long,  closely  crowded 
together  laterally,  and  the  two  rows  with  which  each  arm  is  pro- 
vided fit  together  so  neatl}',  and  cover  the  arm  furrow  so  perfectly, 
that  additional  plates  were  scarcely  needed.  Each  pinnule  is  com- 
posed of  a  number  of  joints,  which  differ  in  form  in  different  genera. 
In  some  they  are  of  equal  width  and  height,  outwardly  convex ; 
in  others  higher  than  wide,  with  the  outer  surface  flat ;  in  some 
they  are  entirely  smooth,  and  in  others  provided  with  a  peculiar 
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hook ;  but  in  all  cases  they  lie  so  close  together  side  by  side,  that 
it  appears  as  if  the  pinnules  were  laterally  attached.  In  Actino- 
crinus  and  Strotocrinus  each  pinnule  is  furnislied  near  the  middle 
of  its  outer  surface  with  a  tooth-like  spine  which  curves  abruptly 
upwards ;  these  spines  are  short  and  obtuse  near  the  arms,  but 
gradually  increase  in  length  toward  the  tips  of  the  pinnules.  As 
a  rule  the  pinnules  are  deeply  grooved  on  their  inner  surface,  and 
in  perfect  specimens  the  grooves  are  covered  by  a  double  series  of 
very  minute  pieces,  though  owing  to  defective  preservation  this 
covering  is  rarely  observed.  In  young  specimens,  while  the  arms 
are  composed  of  a  single  series  of  joints,  the  pinnules  are  not  in 
contact,  and  are  only  given  otf  from  the  alternate  joints,  but  when 
the  alternate  arm  joints  meet  by  lateral  growth,  and  the  pinnules 
attain  their  full  size  they  become  grarliially  connected.  D  'Orbigny  's 
genus  Edwardsocrinus  was  founded  upon  a  young  Platycrinua^ 
whose  arms  and  pinnules  were  in  their  transition  state. 

7.  Internal  Cavity. 

The  construction  of  the  interior  of  the  body  of  all  Paleozoic 
Crinoids  is  best  known  in  the  Sphnroidocrinidas,  among  which, 
specimens  preserving  some  parts  of  the  delicate  organs  have  occa- 
sionally been  found. 

The  inner  surface  of  the  vault  is  often  deeply  grooved  toward 
the  brachial  zone,  producing  corresponding  elevations  outwardly 
on  the  test.  There  are  generally  five  large  grooves,  each  branching 
into  two  smaller  ones,  the  former  corresponding  to  the  five  rays, 
the  latter  to  their  main  divisions.  This  kind  of  vault  is  found 
most  frequently  among  the  RhodocrinidsB.  Among  the  Actino- 
crinidffi  external  ridges  are  rarely  observed,  but  in  their  place 
the  vault  within  is  strengthened  with  bars  or  braces  radiating 
from  near,  but  not  joining  at  the  centre.  .The  braces  widen 
toward  the  arm  bases,  where  they  fold  over  to  form  regular  tubes, 
corresponding  with  the  natural  grooves  in  the  vault  just 
described,  and  they  branch  as  those  do.  In  genera  in  which  the 
rays  are  extended  into  free  appendages,  and  in  which  but  five 
ambulacral  canals  pass  out  from  the  vault  proper  (Platycrinus, 
SteganocriniLS,  etc.),  the  grooves  are  deep  and  in i some  cases  were 
evidently  closed  and  formed  into  tunnels,  leaving,  however,  in 
either  case  beneath  the  median  portion  of  the  dome  and  in  front 
of  the  anus,  a  space  which  is  occupied  by  narrow  grooves,  meeting 
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in  the  centre,  and  following  the  median  line  of  the  radial  depres- 
sions and  galleries  below  the  vault  to  the  arm  openings. 

In  some  specimens  of  Actinocrinida;,  almost  the  entire  test  is 
lined  with  a  delicate  calcareous  plexus  or  network.  This  lining 
is  not  in  contact  with  the  test  directly,  but  connected  with  it  by 
small  partitions,  producing  innumerable  little  chambers,  which 
communicate  with  each  other  and  with  the  visceral  cavity. 
There  is,  at  least,  one  such  partition  or  support  from  each  plate 
of  the  test,  generally  arising  from  the  median  portion  of  the  plate. 
(PI.  XIX,  fig.  16).  The  plexus  is  very  delicate  in  some  specimens, 
in  others — mostly  in  large  specimens — rather  dense  and  rigid, 
but  in  all  of  them  perforated  with  conspicuous  pores  or  passages, 
whose  arrangement  corresponds  with  the  direction  of  the 
sutures  between  the  plates  of  the  test.  There  is  one  pore  at 
least  to  each  angle  of  the  plate,  but  sometimes  additional  ones 
in  large  individuals.  The  structure  extends  but  little  below 
the  regions  of  the  second  radials,  leaves  passages  at  the  arm 
openings,  and  toward  the  vault  reaches  to  a  place  near  the 
median  portion  of  the  raj',  leaving  at  the  centre  an  ojjen  space  in 
the  test  which  is  occupied  by  the  central  vault  piece.  From  this 
space  five  wide  avenues,  corresponding  with  the  grooves  on 
the  inner  surface  of  the  vault,  pass  out  toward  the  arm  bases. 
The  avenues  produce  five  subtriangular  interradial  or  interpalmar 
fields,  which  are  raised  conspicuously  above  the  floor  of  the  vault. 
They  are  of  rather  dense  texture  at  the  borders,  the  inner  side 
somewhat  thickened,  while  the  surface  of  the  median  portions  is 
rough  and  uneven,  perforated  with  large  and  small  passages  which 
communicate  with  the  avenues. 

Four  of  the  interpalmar  fields  are  equal,  the  posterior  one  fre- 
quently larger  and  penetrated  by  the  anal  aperture.  In  species 
with  a  lateral  opening  all  five  fields  have  about  the  same  form, 
and  the  central  space  between  them  is  of  pentangular  outline.  The 
case  is  diflferent  in  species  with  a  subcentral  anus,  when  frequently 
the  posterior  field  is  larger  and  encroaches  deeply  upon  the  middle 
space,  giving  to  it  a  lunate  instead  of  a  subcircular  or  pentangular 
outline.  In  species  of  this  kind,  the  anus  is  placed  near  the  edge 
of  the  interpalmar  field,  but  separated  from  the  central  space 
by  a  partition  which  forms  the  border  of  the  field.  In  species 
with  secondary  radials,  the  avenues  divide,  sending  a  branch  to 
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each  arm,  and  forming  thereby,  between  the  interpalmar  fields,  a 
smaller  intrapalmar^  one  similarly  constructed. 

A  calcareous  lining,  such  as  described,  has  l>een  observed  by  us 
with  slight  variations  in  Batocrinus,  Dorycrinu8,  Teleiocrinus^ 
(Meek  and  Worthen's  Strotocrinus  B),  Agaricocrinus  and  Eretmo- 
crinuSj  and  probably  existed  in  many  other  genera.  In  the 
AclinocriniteSj  or  typical  Actinocrinida?,  the  inner  framework 
was  either  less  developed,  or  was  of  a  more  perishable  nature.  In 
the  genus  Actinocrinus  it  is  indicated  on  the  inner  floor  of  the 
test  by  little  roughened  places,  which  we  take  to  be  traces  of  the 
pillars  which  supported  it.  In  Phytfetocrinus  even  these  have  not 
been  observed,  but  it  is  a  characteristic  feature  of  that  genus, 
that  the  plates  of  the  calyx  have  along  the  sutures  at  each  angle 
very  distinct  indentations  resembling  pores,  which  give  to  the 
outer  surface  of  the  test  almost  the  appearance  of  the  inner  plexus 
in  species  of  Batocrinus  or  Doryvrinus.  Whether  there  was  any 
communication  with  the  visceral  cavity  through  these  indenta- 
tions cannot  be  ascertained  from  the  fossil.  The  test  at  these 
points  is  exceedingl}'  thin  and  transparent,  but  we  have  never 
detected  an  actual  passage.  It  must  also  be  noted  that  the  vault 
in  that  genus  has  similar  indentations,  but  these,  contrary  to  the 
others,  open  out  from  the  inner  floor  of  tlie  test,  being  arranged 
along  the  radial  grooves,  not  interradiall}'  as  those  along  the 
calyx  (PI.  XIX,  figs.  5  and  16).  In  Strotocrinus^  an  internal 
framework  has  been  observed  in  connection  with  the  calyx,  but 
none  with  the  vault,  and  its  typical  form  had  apparently,  like 
Physetocrinus,  slight  indentations  along  the  inner  floor  of  the 
vault. 

The  general  internal  structure  indicates  a  concentration  of 
organs  toward  a  point  beneath  the  centre  of  the  vault,  in  front  of 
the  anus,  but  not  to  the  anus  itself.  The  latter  is  situated  distinctly 
outside  the  radiation,  i,  e.,  interradially.  The  grooves  which  we 
have  noticed  in  the  vault  were  figured  by  De  Koninck  and  Lehon  in 
their  Recherches  Crin.  Carb.  Belg.,  but  they  seem  to  have  regarded 
them  as  muscular  impressions.  Billings,  in  the  third  and  fourth 
Decades  of  the  Canada  Geological  Report,  was  the  first  to  treat 

'  The  term  "t/iferpalmar  Felder"  was  used  by  Joh.  Mullerfor  the  **  in- 
terradialen  Felder  zwischen  den  Tentakelrinnen  im  Perisom  des  Penta- 
criLus,  ' //i^rapalmar  Felder '  for  the  interdistiohal  Felder''  (Monatsber. 
Berl.  Acad.  1841,  p.  218). 
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of  them  in  connection  with  the  ambulacral  system.  He  showed 
how  impossible  it  was  that  the  ambulacral  canals  in  some  Paleo- 
zoic Criuoids  could  be  continued  along  the  outer  surface  of  the 
vault,  and  he  reached  the  conclusion  that  they  passed  into  the 
body  at  the  arm  bases.  It  is  remarkable  that  Billings,  after  mak- 
ing this  important  discovery,  in  connection  with  which  analogy 
suggested  that  the  food  entered  the  body  in  the  same  manner, 
clung  as  late  as  1870  to  the  old  theory  that  the  subcentral  passage 
in  these  crinoids — interradiately  situated  as  we  have  shown — 
served  both  as  mouth  and  vent.  This  view  was  advocated  by  him 
in  a  series  of  interesting  articles,  published  1869-70  in  the  Am. 
Jour.  Science  and  Arts,  Nos.  142,  145,  149,  as  '*  Notes  on  the 
Structure  of  Crinoidea,  Cystidea  and  Blastoidea."  Since  that 
time,  it  has  been  most  generally  conceded  that  the  interradial 
opening  was  the  anus  only,  and  that  the  oral  centre  or  mouth  in 
the  earlier  crinoids  was  hidden  from  view  by  external  structures.' 
Billings'  views  with  regard  to  the  ambulacral  passages  were  con- 
firmed by  Wachsmuth's  discovery  of  radiating  tubes  beneath  the 
vault,^  which,  as  he  ascertained,  connect  with  the  ambulacral 
furrows  in  the  arms.  We  have  since  examined  these  tubes  in 
several  other  specimens,  both  of  ActinocrinuB  and  Strotocrinus^ 
and  are  enabled  to  give  additional  information  regarding  them. 

The  radiating  tubes  are  attached  to  the  vault,  running  parallel 
to  its  inner  surface.  They  consist  of  five  main  trunks,  which 
follow  the  direction  of  the  five  main  avenues  which  separate  the 
interpalmar  fields.  They  bifurcate  in  the  same  way  and  until  a 
branch  connects  with  every  arm.  They  are  composed  of  four 
rows  of  plates,  two  below  and  two  above.  The  two  latter  touch 
with  their  edges  the  inner  surface  of  the  vault,  are  alternately 
arranged,  and  grooved  along  their  median  line,  leaving  a  tun- 
neled passage  between  the  walls  of  the  tube  and  the  vault.  The 
trunks  of  the  two  lateral  sets  of  tubes  on  the  same  side  not  un- 

'  The  following  writers  have  expressed  this  opinion :  Schultze,  1866, 
Monog.  Eohin.  £ifi.  Kalk,  p.  7 ;  Meek  and  Worthen,  1869,  Proc.  Acad. 
Nat.  Sci.,  Phila.,  p.  328 ;  LoT^n,  on  Hypomene  Sarsit  reprinted  Ann.  and 
Mag.  Nat.  Hist.,  Sept.,  1869  ;  Wachsmuth,  <<0n  the  Internal  and  External 
Structure  of  Paleozoic  Crinoids,"  Am.  Jour.  Sci.  and  Arts,  Aug.  1877,  p. 
115 ;  Zittel,  1879,  Handb.  d.  Paleeontologie. 

'  Described  by  Meek  and  Wortben,  Qeol.  Rep.  HI.,  vol.  v,  p.  329,  and 
Wachsmuth,  Am.  Jour.  Sci.,  Aug.,  1877,  p.  119. 
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frequently  meet  before  reaching  the  peristome,  but  the  anterior 
raj  is  always  distinctly  separated. 

Whenever  tubular  canals  have  been  observed,  they  are  pre- 
served only  to  the  border  of  the  central  space,  but  none  of 
them  have  been  found  to  join  in  the  centre.  In  a  specimen  of 
Actinocr,  glans^  however,  the  tubes  before  terminating  bend  down- 
ward toward  the  visceral  cavity,  give  forth  lateral  processes,  as  if 
disposed  to  branch,  and  expose  two  openings  at  the  extremities 
directed  to  opposite  sides.  The  openings  indicate  that  the  tubes 
may  have  been  connected  with  each  other  by  lateral  passages,  and 
formed  a  ring  around  the  centre.  This  is  evidently  the  structure 
of  Actinocr,  Verneuilianus^  in  which  a  circular  vessel  is  observed 
beneath  the  centre  at  a  short  distance  from  the  vault;  no  ambu- 
lacral  tubes  are  attached  to  it,  but  there  are  small  radial  oi>enings 
with  which  they  might  have  been  connected.  The  lower  portion 
of  the  ring  is  composed  of  minute  interlocking  pieces,  with  five 
additional  openings  interradially  situated.  This  ring  is  com- 
paratively large,  enclosing  within  its  circumference  the  contracted 
upper  part  of  the  convoluted  digestive  organ,  wliich  is  well 
preserved  in  the  specimen  from  which  these  facts  were  obtained. 

A  tubular  skeleton,  as  above  described,  has  thus  far  been 
observed  only  in  the  Actinocrinidae,  but  a  tubular  passage  beneath 
the  vault,  in  connection  with  the  arm  grooves  and  oral  centre,  has 
been  traced  in  most  groups  of  the  Palseocrinoids,  and  no  doubt 
existed  also  in  the  Blastoids.  In  Cyathocrinus^  and  probably  in 
the  Oyathocrinidae  generally,  the  tube  is  constructed  of  two  series 
of  pieces  overlying  the  oral  plates,  and  these  again  are  covered  by 
two  similar  series  of  plates,  which  form  a  part  of  the  vault.  In 
Oranatocrinus  the  tubes  follow  the  pseudambulacra,  being 
covered  by  three  series  of  small  plates  which  must  be  considered 
extensions  of  the  vault(Pi.  XIX,  fig.  3). 

It  is  now  generally  conceded  that  the  tubular  canals  beneath 
the  vault  contain  the  same  organs  which  in  modern  crinoids  are 
exposed  on  the  ventral  disk,  and  like  theijd  embrace  the  food 
passages,  and  certain  other  vessels  in  connection  with  the  ambu- 
lacral  system.  In  this  view  of  the  case,  it  is  reasonable  to  further 
consider  that  the  annular  vessel,  above  described,  served  as  a 
water-vascular  ring. 

The  relations  between  the  vault  and  the  ventral  covering  of 
recent  Crinoids  are  not  so  close  as  has  been  sometimes  supposed, 
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they  arc  indeed  diflferent  things,  although  there  are  certain  analo- 
gies between  some  of  their  parts.  Among  these  are  the  oral  plates, 
which  are  represented  in  some  of  the  later  Crinoids,  but  absent 
again  in  the  fully  grown  Pentacrinus  and  in  the  Comatulidse. 
They  are  also  absent  in  the  Spha^roidocrinidse,  unless  we  consider 
the  interradial  vault  pieces  to  be  their  representatives.  We  have 
already  suggested  that  all  intenadial  plates  in  the  dome — exclu- 
sive of  the  proximal  pieces — may  perhaps  have  been  modified 
oral  plates  which,  either  by  division  or  interpolation,  gradually 
increased  in  number.  The  dome  of  Coccocrinus  has  a  single 
oral  plate  to  each  interradial  field,  while  the  corresponding  spaces 
in  most  species  of  PlafycrinuH  are  occupied  by  three  and  occa- 
sionally five  pieces  each.  It  is  as  easy  to  consider  the  single 
plate  of  the  former  to  be  represented  by  three  in  PlaiycrinuSj  as 
that  the  three  are  sometimes  replaced  by  five  within  the  limits 
of  the  same  genus,  the  plates  occupy  the  same  position  in  both 
cases,  but  in  some  groups  the  true  orals  meet  laterally  which  is  not 
the  ease  with  the  interradial  dome  pieces  of  Platycrinus  or  Acti- 
nocriniis,  nor  with  the  undivided  plates  of  Coccocrinus,  In 
Cyathocrinus  where  the  orals  are  very  conspicuous,  they  join 
beneath  the  radial  groove,  and  form  the  floor  upon  which  the  am- 
bulacral  tul)e  rests.  The  bottom  of  the  tube  is  composed  of  two 
series  of  pieces,  which  are  covered  directly  by  vault  pieces  in  two 
alternate  rows,  whose  lateral  margins  rest  upon  the  upper  edges 
of  the  two  orals;  while  in  Platycrinus  the  corresponding  vault 
pieces  abut  laterally  against  the  sides  of  the  interradial — oral — 
plates  in  an  unbroken  succession.  In  Platycrinus  the  interradial 
plates  thus  take  exactly  the  same  position  as  the  exposed  part  of 
the  oral  plates  in  CyathocrinuSy  while  the  covered  paits  are 
unrepresented.  In  Coccocrinus^  a  covering  of  the  ambulacral 
groove  has  not  yet  been  observed,  but  judging  from  the  fissure 
between  the  oral  plates,  it  probably  rested  just  upon  their  edges, 
and  formed  an  intermediate  link  between  the  vault  structure  of 
the  Cyathocrinidae  and  Platycrinidae. 

In  the  Actinocrinidse  and  Rhodocrinidse,  the  alternate  dome 
plates  are  not  so  readily  distinguished,  as  in  the  Platycrinidae 
and  forms  with  free  rays,  in  which  they  are  well  marked  in  the 
extended  parts.  In  the  recent  Crinoids  the  alternate  plates  are 
represented  by  the  "  Saumpliittchen,''  which,  however,  instead  of 
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forming  a  part  of  a  solid  vault,  are  movable,  and  line  the  lateral 
margins  of  the  tentacle  furrows. 

The  proximal  and  central  dome  plates  are  altogether  unrepre^ 
sented  in  recent  Crinoids.  This  is  best  perceived  by  comparing 
Coccocrinus  as  usuall}'  preserved,  with  Hyocrinus  or  other  recent 
genera  in  which  the  oral  plates  are  developed.  In  both  cases, 
there  is  at  the  oral  centre  an  opening  at  which  the  grooves  con- 
verge, surrounded  by  the  oral  plates;  but, while  in  Hyocrinus  and 
all  recent  genera  this  opening  is  unobstructed  by  solid  parts,  in 
Coccocrinus^  Cyathocrinus^  and  the  Palteocrinoids  generally,  it  is 
covered  by  the  apical  dome  plates.  The  central  piece  generally 
occupies  the  median  portion  of  the  vault,  and  always  indicates 
the  centre  of  the  oral  system. 

We  have  already  noted  narrow  grooves  upon  the  inner  surface 
of  the  vault,  which  meet  on  the  central  piece,  and  follow  the 
median  line  of  the  radial  depressions  and  galleries  to  the  arm 
openings.  Only  three  main  grooves  meet  at  the  centre,  those  of  the 
two  lateral  rays  are  uniting  before  reaching  that  point  (PI.  XVIII, 
fig.  1).  The  grooves  are  best  observed  in  natural  casts  of  the 
interior,  in  which  they  appear  on  the  surface  in  the  form  of  narrow 
bands  or  ridges  (PL  XIX,  figs.  5  and  9).  The  position  of  the 
grooves  indicates  that  they  may  have  contained  axial  cords  in 
connection  with  a  nervous  system  located  beneath  the  central 
plate.  The  location  of  the  nervous  system  within  the  regions  of 
the  ambulacral  centre  is  in  analogy  to  the  structure  of  other  Echi- 
noderms,  except  the  Comatulidae,  in  which,  according  to  P. 
Herbert  Carpenter,  the  principal  nervous  systems  are  located  at 
the  apical  side,  and  in  connection  with  the  quinquelocular  organ 
which  occupies  the  cavity  of  the  ccntrodorsal  plate.* 

The  interpalmar  fields  are  composed  of  a  soft  skin,  but  although 
this  is  more  or  less  incrusted  with  limestone  particles,  which 
sometimes  almost  look  like  vault  pieces,  they  have  no  affinities 
with  the  plates  of  the  vault.  The  plates  of  all  recent  Crinoids 
are  perforated  with  numerous  pores  for  the  introduction  of  water 
into  the  body,  a  function  which  could  not  well  be  performed  by 
the  interradial  pieces,  but  much  less  by  the  solid  undivided  oral 
plates  of  Cyathocrinus  and  Coccocrinus.  In  the  Cyathocrinidae, 
these  functions  may  have  been  performed   by  the  ventral  sac 

*  On  some  points  in  the  anatomy  of  Pentacrinus  and  lihizocrinus.  Jour. 
Anat.  and  Pbys.,  vol.  xii  p.  85. 
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which  is  profusely  punctured,  but  evidently  not  by  the  simpler 
ventral  tube  of  the  Sph«eroidocrinidae  which  is  destitute  of  such 
openings.  Nor  can  we  imagine  that  there  was  any  such  communi- 
cation through  the  dome  proper,  its  plates  are  perfectly  con- 
nected at  their  sutures,  and  the  interradial  series  especially  are 
strengthened  by  strong  braces  within. 

There  are  evidently  closer  relations  between  Cyathocrinus  and 
Hyocrinu9  or  genera  with  oral  plates,  than  between  the  Penta- 
crinidse  and  Sphaeroidocrinidse,  in  which  those  plates  are  either 
unrepresented  or  greatly  modified.  The  latter  two  types  form 
the  extremes,  and  are  probably  more  distant  in  their  relations 
with  each  other,  than  most  Blastoids  and  Cystideans  from  the 
Palffiocrinoids. 

The  affinities  of  the  Palseocrinoids  with  the  Blastoids,  become 
more  apparent  by  our  recent  discovery  of  hydrospires  in  a  speci- 
men of  Teleiocrinus.  Their  exact  construction  has  not  yet  been 
fully  ascertained,  but  that  such  organs  existed  in  some  of  the 
Actinocrinida?  is  now  demonstrated  beyond  a  doubt.  The  speci- 
men is  fragmentary,  it  was  obtained  from  a  narrow  cherty  band  of 
the  Upper  Burlington  Limestone,  and  is  itself  silicious.  The 
interior  is  solid,  with  the  exception  of  a  natural  concavity  beneath 
the  vault,  at  which  point  it  was  broken  in  quarrying,  exposing  a 
part  of  the  upper  face  of  the  tubular  skeleton.  Portions  of  two 
tubes  only  are  visible,  and  these  are  broken  transversely  after 
their  second  branching,  the  fracture  giving  a  cross-section  of  the 
tubes  and  surrounding  parts.  In  Teleiocrinus  as  in  Strotocrinus 
proper,  the  lateral  rim  contains  radiating  tunnels  formed  by  par- 
titions between  the  divisions  of  the  rays.  The  tunnels,  as  observed 
by  us  in  several  specimens,  are  divided  transversely  into  two  com- 
paitments,  of  which  the  upper  one  is  occupied  by  the  ambulacral 
tubes  (PL  XIX,  figs.  76  and  8).  In  the  specimen  under  considera- 
tion the  lower  or  dorsal  compartment  has  a  semicircular  outline, 
and  within  this,  below  one  of  the  branches  of  the  ambulacral  tubes, 
there  are  visible  two  distinct  folds,  closely  resembling  the  folds 
in  the  hydrospires  of  Oranatocrinva  (PI,  XIX,  fig.  3).  Beneath 
the  adjoining  branch,  the  folds  cannot  be  so  well  distinguished, 
but  the  outlines  of  the  hydrospires  are  also  there  faintly  indicated. 
Considering  that  the  arms  in  the  Blastoids  are  inverted  and 
recumbent,  and  that  their  calcareous  portions  represent  not  only 
he  solid  parts  of  the  arms,  but  also  a  part  of  the  test,  it  will  be 
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seen  that  the  hydrospires  above  noted,  and  those  of  the  Blastoids, 
have  not  only  a  similar  form,  but  also  a  very  similar  position.^ 

The  hydrospires  of  the  Crinoids,  like  those  of  the  Blastoids,  are 
placed  in  close  proximity  to  the  arms  with  which  they  were 
probably  in  communication,  close  to  the  test  and  within  the  general 
cavity  of  the  body. 

The  above  is,  to  our  knowledge,  the  only  case  in  which  hydro- 
spires have  been  observed  among  the  Sphoeroidocrinidae,  but  they 
were  probably  present  in  other  genera,  and  perhaps  in  the  Palseo- 
crinoids  generally;  while  these  organs  are  unknown  in  all  later 
and  recent  Crinoids,  and  in  other  groups  of  Echinoderms. 

It  is  a  fact  worthy  of  note  that  all  Cystideans  and  Blastoids, 
and  so  fkr  as  known,  all  PalBeocrinoids  which  possess  hydro- 

*  The  vault  in  the  Blastoids,  as  we  understand  it,  consists  not  merely  of 
the  plates  which  cover  the  oral  opening,  but  extends  all  along  the  median 
portions  of  the  i)8eudambulacra  (PI.  XIX,  fig.  8),  forming  underneath  a 
good-sized  tunnel,  which  we  take  to  be  the  homologue  of  the  ambulaoral 
tube  of  the  Crinoids.  If  this  interpretation  is  correct  the  structure  bears 
the  closest  similarity  to  that  found  in  those  Crinoids  in  which  the  vault  is 
extended  into  tree  rays,  and  in  which  these  extensions  combine  to  some 
degree  the  characters  of  the  arms  and  body.  The  recumbent  arms  of  the 
Blastoids  are,  according  to  this,  lateral  extensions  of  the  body  which 
takQ  the  place  of  true  arms ;  but  .while  in  the  Crinoids  the  radial  exten- 
sions give  off  regular  arms,  in  which  the  ambulacral  tubes  are  converted 
into  grooves,  the  corresponding  parts  in  Blastoids  remain  attached  to  the 
body,  and  the  pinnules  form  the  only  free  appendages.  It  is  possible,  how- 
ever, that  in  the  Blastoids  the  lateral  furrows  which  traverse  the  ambulacral 
fields  were  not  covered  by  plates,  and  that  these  correspond  to  the  open 
arm  grooves—respectively  amjs— in  Crinoids. 

Dr.  Hambach  (Contributions  on  the  Anatomy  of  the  genus  Pentremiien, 
p.  7)  is  probably  correct  in  supposing  that  the  pinnules  of  the  Blastoids 
were  not  connected  with  the  pores,  as  hitherto  believed.  We  think  it 
probable  that  they  rested  in  the  funnel-shaped  pits  which  alternate  with 
the  pores,  and  which  communicate  with  the  lateral  grooves  of  the  pseud- 
ambulacra,  while  the  pores  probably  communicated  with  the  hydrospires. 
This  view  coincides  with  what  we  have  heretofore  suggested,  that  the  upper 
face  of  the  pseudambulacra  corresponds  to  the  grooves  within  the  arms  of 
the  Crinoids.  and  indicates  that  there  are  close  affinities  between  the 
ambulacral  field  itself  and  the  solid  portion  of  the  arms.  The  passage 
directly  beneath  the  field  is  probably  the  dorsal  or  axial  canal,  which  by 
the  inverted  position  of  the  arms  became  the  inner  instead  of  the  outer 
passage.  The  hydrospires  in  the  Blastoids  are  placed  beneath  the  canal, 
and  extend  along  the  perivisceral  cavity  of  the  body,  like  in  the  case  ot 
TeUioerinui. 
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spires  had  a  subtegminal  mouth,  and  a  solid  test  built  up 
of  plates  so  closely  fitted  together  that  expausion  or  contraction 
was  impossible.  Expansion  in  some  parts,  however,  was  neces- 
sary to  produce  circulatory  currents  for  the  introduction  of  food. 
In  most  Echinoderms,  including  all  recent  Crinoids,  this  is  accom- 
plished by  means  of  the  pliant  test  and  soft  appendages  which 
surrounded  it.  The  Echini  alone,  like  the  Paleozoic  Crinoids,  have 
a  rigid  test,  but  they  possess  an  external  mouth,  and  in  addition 
to  their  numerous  soft  appendages  a  movable  actinal  membrane, 
capable  of  considerable  expansion,  even  in  some  cases  beyond  the 
line  of  the  actinostome.  It  seems  to  us  not  unlikely  that  the 
hydrospires  served  the  purpose  of  gills,  producing  by  their  con- 
tractions and  dilatations  the  requisite  circulation  to  introduce 
food  and  expel  the  refuse  matter.  This  would  account  for  their 
absence  in  the  recent  Crinoids  and  other  Echinoderms,  and  would 
suggest  that  they  were  probably  connected  with  numerous  soft 
appendages  along  the  arms,  arranged  perhaps  in  like  manner  as 
the  pores  along  the  ambulacra  of  the  Blastoids,  but  not  as  in  the 
Cystideans,  in  which  the  f)ores  which  connect  with  the  hydrospires 
are  distributed  over  different  parts  of  the  body.  A  better  knowl- 
edge of  these  organs,  as  they  exist  among  the  three  great  divisions 
of  tlie  Paleozoic  Crinoids,  would  doubtless  afford  far  more  satis- 
factory characters  for  separation  than  we  now  possess. 

In  the  abdominal  cavitj'  of  the  Palaeocrinoidea,  the  only  structure 
which  has  been  observed  consists  of  a  peculiar  skeleton  located 
beneath  the  tubular  canals,  which  from  its  position,  in  analogy  to 
other  Echinoderms,  has  been  referred  to  the  digestive  apparatus.* 

In  its  usual  preservation,  it  is  a  large  convoluted  body  resem- 
bhng  the  shell  of  a  Bulla^  open  at  both  ends.  The  upper  end  is 
placed  beneath  the  centre  of  the  vault,  and  the  lower  directed 
toward  the  base.  It  is  dilated  above ;  contracted  l)elow ;  its 
surface  about  parallel  with  the  walls  of  the  visceral  cavity.  In 
some  species  it  is  subcylindrical,  with  the  vertical  axis  the  longer ; 
in  others  globular  or  even  depressed  globose ;  but  it  is  alwa3's 
truncate  below,  and  never  extends  to  the  inner  floor  of  the  basal 
plates.     The  walls  are  coiled  without  touching  at  any  point,  and 

^  Meek  and  Worthen,  Geol.  Rep.  III.,  v.,  p.  828,  call  it  a  convoluted  sup- 
port of  the  digestive  sac.  Wachsmuth,  Am.  Jour.  Sci.  Aug.,  1878,  p.  125, 
terms  it  the  **  alimentary  canal.'' 
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the  convolutions  arc  directed  outwanl  from  left  to  right,  varying 
in  number  from  two  to  four  in  dilferent  species. 

In  the  usual  state  of  preservation  the  walls  are  perfectl}'  solid, 
almost  like  a  "  convoluted  plate  "  as  which  it  was  described  by 
Hall.  In  transverse  sections,  the}'  are  seen  to  be  strong,  and 
appear  to  be  constructed  of  two  partitions  closely  fitted  together 
and  united  at  the  edges.  The  unusual  thickness  and  apparent 
double  nature  of  the  walls  in  these  specimens  misled  Wachsmuth 
in  187t,  who  considered  the  walls  to  Ik?  the  body  of  the  alimentary 
canal.  This  is  evidentl}'  a  mistake.  We  now  know,  from  a  num- 
ber of  other  specinu'ns,  that  the  wall  was  simple  in  all  cases,  very 
delicate,  and  constructed  of  an  extremely  fine  filigree  work,  which 
generally  in  the  fossil  became  thickly  incrusteii  with  silicious 
matter  on  both  sides,  thus  producing  the  apparent  duplication  of 
the  wall.  In  good  specimens,  a  magnifier  shows  the  wall  to  be 
composed  of  an  extremely  fine  network  of  minute  pieces  or  bars, 
with  intervening  meshes.  These  bars,  according  to  Meek  and 
Worthen,  "  do  not  intersect  each  other  at  any  uniform  angle,  but 
anastomose  so  as  to  impart  a  kind  of  irregular  regularity  to  the 
form  and  size  of  the  meshes." 

That  this  network  was  in  some  way  connected  with  the  diges- 
tive organs,  is  no  doubt  true,  but  whether  it  formed  a  mere  sup- 
port for  the  digestive  sac,  as  Meek  and  Worthen  suggested,  or 
was  an  extensive  plexus  of  blood  vessels  surrounding  tlK»  ambu- 
laeral  canal,  is  a  question  we  areasj'ct  unable  to  solve.  It  should, 
however,  receive  a  more  approjiriate  name  than  any  yet  given,  and 
we  propose  to  call  it  the  "  crsophageal  network,''  which  may  be 
changed  when  its  special  functions  and  affinities  are  discovered. 

One  of  the  writers  found  a  specimen  of  Arfinocj^hius,  in  which 
the  convolutions  were  nearly  intact,  and  by  removing  the  outer 
fold,  the  inner  or  upper  end,  as  distinguished  from  the  outer  or 
terminal  part,  could  be  examined  (PI.  XIX,  fig.  12  ».  Tiie  organ 
has  the  usual  dense  structure,  and  where  it  comes  into  view,  is  an 
elongate  tube,  which  passing  downward  widens  at  first  gradually 
to  near  the  middle  of  the  visceral  cavity-,  then  rapidly  until  it 
attains  a  width  equal  to  two-thirds  the  entire  length  of  the  cavity. 
The  upper  part  descending  spirally  turns  from  right  to  left,  but 
on  l)ecoming  wider  the  whorls  are  abruptly  reversed,  and  there- 
after the  convolutions  are  from  left  to  right.  The  outer  end  also 
taiKTS  rapidly,  assuming  the  form  of  a  flattened  tube,  and  ascends 
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spirally  on  the  outside,  while  the  other  end  is  directed  toward  the 
oral  centre,  but  a  connection  with  the  food  grooves  has  not  yet 
been  observed. 

In  all  cases  where  the  oesophageal  network  has  been  examined, 
among  the  Actinociinidse  and  PlatycrinidsB,  it  varies  only  in  out- 
line and  in  the  number  of  whorls ;  while  in  Ollacrinus  the  entire 
skeleton  resembles  a  large  spiral.  In  tiie  only  specimen  observed, 
it  apparently  consisted  of  a  large  round  canal,  which  turned 
spirally  on  its  axis,  and  which  near  the  basal  plates  turned 
upward,  but  the  organ  is  in  a  fragmentary  condition,  and  it  is 
quite  possible  that  this  part  was  surrounded  by  other  convolu- 
tions. Until  recently  this  organ  had  been  observed  only  in 
crinoids  from  the  Burlington  group.  Angelin,  however,  in  the 
Icouonographia  Crinoideorum  Suecite,  figures  several  examples 
from  the  Upper  Silurian  of  Sweden  (PL  26,  figs.  12,  12  a,  6, ).  It 
is  well  preserved  in  these  specimens,  and  resembles  that  of  later 
Actinocrinidffi.  It  diflfers,  however,  in  being  closed  at  the  outer 
side,  while  the  inner  parts,  as  in  Burlington  specimens,  are 
distinctly  coiled.  The  outer  wall  is  pentangular  in  outline,  open 
toward  the  basal  disk,  and  consists  of  a  very  delicate  porous 
texture,  appearing  like  an  envelope  for  the  inner  or  coiled  parts, 
and  as  such  possibly  represents  the  perivisceral  plexus,  which  in 
some  cases  almost  equals  the  oesophageal  network  in  delicac}-  of 
structure. 

8.  Column. 

The  column  in  the  Sphaeroidocrinidae  is  generally  circular 
transversely,  though  sometimes  elliptical  or  pentagonal  and  even 
quadrangular.  It  is  elliptical  only  in  Platycrinus^  and  the 
I^entagonal  form  occurs  only  in  Reteocrinus  and  some  few 
species  of  the  Olyptocrinites.  The  central  canal  varies  from  large 
to  extremely  small,  and  is  round  or  pentagonal.  In  Platycrinus 
it  is  so  minute  that  in  columns  of  an  inch  or  more  in  thickness 
on  their  long  diameters,  the  opening  will  scarcely  admit  the  point 
of  a  needle.  In  the  Rhodocrinidfle  it  is  irregularly  pentagonal, 
and  as  a  rule  small.  Among  the  Actinocrinidae  also,  the  passage 
is  generally  not  above  medium  size,  but  in  Megistocrinus  it  is 
remarkably  large  throughout  the  column  and  all  its  branches. 

By  the  earlier  writers,  new  species  were  often  based  upon  frag- 
mentary columns,  a  practice  which  has  fortunately  been  aban- 
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doned,  since  it  became  known  that  the  different  parts  of  the  column 
in  the  same  specimens  arc  often  widely  dissimilar. 

In  the  growing  animal,  new  columnar  joints  were  continually 
introduced  by  interpolation  l)etween  the  older  segments,  and  these 
younger  joints,  which  are  found  throughout  the  column  in  all  strtges 
of  development,  produce  striking  changes  in  the  general  aspect. 
The  column  matured  from  the  root  upward,  and  the  upper  part 
remained  throughout  the  life  of  the  criuoid  in  a  kind  of  immature 
state,  wherein  the  intercalated  joints  did  not  attain  the  width  of 
the  others.  The  uppermost  joints,  however,  although  they  were 
probably  among  some  of  the  earliest  developed  parts  of  the  col- 
umn, are  not  separated  by  smaller  joints.  Gradually,  sometimes 
between  the  third  and  fourth  joints,  new  plates  make  their  appear- 
ance ;  the  first  one  so  thin  as  to  be  scarcely  visible,  the  next  which 
lies  between  the  succeeding  joints  much  larger,  the  third  probably 
reaching  full  size.  Secondary  intercalations  follow  between  the 
new  pieces,  the  intervening  spaces  between  the  larger  joints 
increasing  graduall3'  to  a  maximum,  from  which  point  down  the 
column  seems  to  be  mature,  for  all  succeeding  spaces  have  a  like 
number  of  intercalated  joints.  As  a  general  rule,  the  column 
decreases  somewhat  in  thickness  from  the  calyx  for  a  certain  dis- 
tance down,  after  which  it  increases  again  towards  the  root.  In 
some  species  the  primary  joints  are  onl}'^  longer,  but  not  of  greater 
diameter  than  the  others.  This  is  the  case  in  Plafi/cj^inus  where 
the  new  joints  seem  to  have  been  formed  directly  beneath  the 
calyx,  their  number  increasing  in  length  gradually  along  the 
stem,  and  not  in  sections  as  in  the  Actinocrinida*  and  the 
Rhodocrinidae. 

Lateral  cirrhi  along  the  column  have  been  rarely  observed,  and 
in  this  family  probably  existed  only  toward  the  root.  The  form 
of  the  root  is  exceedingly  variable,  and  depended  evidently  upon 
the  conditions  of  its  place  of  attachment.  When  living  in  a  soft 
or  sandy  soil,  it  seems  to  have  been  provided  with  a  great  number 
of  small  rootlets  which  are  given  off  both  verticall3^  and  horizon- 
tally ;  but  when  it  was  attached  to  a  rock  or  other  hard  sul)stance, 
the  lower  surface  grew  entirely  flat  and  was  often  deei>ly  grooved. 
The  grooves  pass  out  from  the  root,  and  apparently  took  the 
place  of  the  vertical  rootlets.  The  central  passage  extends  to  the 
smallest  rootlets  and  is  often  of  considerable  size.  We  have 
already  noted  this  fact  in  Part  I,  and  suggested  that  probably  the 
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rootlets  may  have  had  respiratory  functions  by  introducing  water 
into  the  bod}^ 

In  adult  specimens  of  Actinocrinidae  and  Rhodocrinidae  the 
column  was  long.  We  have  never  seen  its  full  length,  but  have 
in  several  instances  traced  it  three  to  four  feet  without  seeing 
either  root  or  body,  and  we  suppose  that  it  was  in  some  genera 
very  much  longer. 

Of  Platycrinus,  however,  we  have  examined  five  complete  speci- 
mens measuring  from  the  tips  of  the  arms  to  the  extreme  ends  of 
the  fine  rootlets  from  7  to  27  inches — the  latter  in  a  large  species. 
In  all  these  specimens,  the  column  gives  off  for  some  distance 
large  lateral  branches,  which  decrease  in  size  toward  the  end  of 
the  root,  each  one  with  irregular  branches  which  divide  again  and 
terminate  in  hair-like  tubes.  We  never  saw  a  Platycrinus  in 
which  the  root  was  flattened,  as  in  some  of  the  Actinocrinidae, 
and  it  seems  possible  that  the  crinoids  of  this  genus  only  grew 
on  a  soft  bottom,  or  possibly  floated  about  with  their  column  like 
an  anchor.  The  same  was  evidently  the  case  in  the  genus  Glyp- 
tocrinuSj  in  which  the  column  was  short,  tapering  to  almost  a 
needle's  point,  without  lateral  branches. 

9.  Mode  of  Growth  and  Paljeontological  Development. 

In  the  Pentaerinoid  larva  of  Antedoriy  the  calyx  is  composed 
chiefly  of  ver}'  distinct,  rather  large  basals,  alternating  with  which 
are  five  dots,  which  represent  minute  radials.  The  crinoid  at  this 
stage  consists  only  of  five  columnar  joints,  the  large  basals,  the 
rudimentary  radials,  and  of  five  large  oral  plates  which  cover  the 
entire  peristome.  The  succeeding  radials,  at  first  unrepresented, 
develop  afterwards,  and  the  arms  make  their  appearance  at  a 
much  later  period. 

Of  tlie  Palaeocrinoids,  the  first  stages  are,  of  course,  unknown, 
all  the  specimens  we  have  discovered— even  the  very  youngest — 
being  already  provided  with  arms,  and  hence  were  considerably 
advanced  in  the  scale  of  growth.  It  can  be  ascertained,  however, 
by  a  comparison  of  larger  and  smaller  specimens,  that  their  mode 
of  growth  must  have  been  similar  to  that  of  Antedon,  In  the 
smaller,  and  as  we  consider  them,  younger  specimens,  the  basals, 
compared  with  the  other  ])lates,  are  much  larger,  being  almost  the 
same  size  as  in  mature  individuals.  Next  in  size  are  the  fii'st 
radials,  which  are  larger  than  the  second  and  third.     In  the  inter- 
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radial  series  the  first  plate  is  much  the  largest,  and  the  number  of 
interradial  and  anal  plates  is  considerably  less  in  young  specimens 
than  in  the  adult,  thus  indicating  that  the  calyx  in  these  crinoids 
was  developed  from  the  basals  up,  as  in  their  living  representa- 
tives. 

With  the  development  of  the  first  interradial,  apparently  simul- 
taneous with  the  second  and  third  radials,  the  Platycrinoid  form, 
the  simplest  of  the  Sphieroidocrinida*  was  complete.  The  earliest 
types  of  the  Platycrinidie  known  to  us,  but  e\4dently  not  the 
earliest  representatives  of  that  group,  are  from  the  Upper  Silurian. 
In  Coccocrinus  the  body  is  composed  of  three  basals,  two  by  five 
radials — the  first  very  much  the  larger— a  single  interradial,  and 
five  large  oral  plates,  exactly  as  we  must  expect  from  analogy  to 
find  the  Actinocrinoid  in  its  earlier  phases.  The  rays  in  the 
Platycrinoid  are  free  from  the  primary  radials  up,  but  the  first 
joints  of  the  two  main  divisions  are  simple  and  constructed  similar 
to  the  radials  in  the  body  of  the  Actinocrinida*.  To  transform 
the  Platycrinoid  into  an  Actinocrinoid,  it  only  requires  the  inter- 
polation of  one  or  more  interradial  pieces  between  the  proximal 
plates  of  the  first  division  of  the  ray.  By  this  simple  process,  the 
plates  which  were  before  free  in  the  Platycrinoid,  were  incorpo- 
rated into  the  body,  and  raised  to  the  dignity  of  secondary  radials. 

Many  of  the  earlier  Rhodocrinida?  and  Actinocrinidie  are  char- 
acterized by  highly  elevated  ridges,  which  extend  all  along  the 
radial  series  of  the  body.  They  run  vertically  along  the  middle 
of  the  primary  radials,  divide  upon  the  third  plate,  and  branch  to 
the  secondary  and  tertiary  radials,  whence  they  pass  very  gradu- 
ally into  the  arms.  The  ridges  are  very  prominent,  rounded 
exteriorly,  and  as  they  approach  the  arm  bases,  assume  nearly  the 
shape  and  size  of  the  arms.  The  plates  upon  which  they  are 
extended,  in  their  upper  series,  scarcely  differ  in  length  from  the 
first  free  arm  plates,  and  all  gradually  diminish  upward.  The 
longitudinal  ridges  are  evidently  not  accidental,  nor  a  mere  orna- 
mentation, but  represent  the  arm  joints  as  the}'  were  when  first 
developed  in  the  young  animal.  In  this  early  stage  they  were 
round  joints,  the  lateral  wing-like  extensions  being  developed 
afterward,  when  by  reason  of  the  upward  growth  of  interradial 
and  interaxillary  pieces,  the  plates  became  parts  of  the  body.  We 
find  on  the  surface  of  many  internal  casts  of  forms  belonging  to  this 
group  similar  but  narrow  ridges,  which  follow  the  same  direction 
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as  tliose  upon  the  test.     The  ridges  in  these  cases  are  evidently 
the  impressions  of  rudimentary  grooves,  indicating  that  the  plates 
at  that  stage  were  provided  with  ambulaeral  furrows  like  regular 
arm  plates.     They  also  had  pinnules  attached,  which  like  the  arm 
plates  were  by  the  growth  of  the  animal  absorbed  into  the  calyx. 
The  fixed  pinnules,  which  Wetherby  describes  in  Qlyptocrinus 
Richardsoyii,  Cincinnati  Soc.  Nat.  Hist.,  18S0,and  which  we  found 
also  in  GL  decadactylu^  and  Beleocrinus  O^NealH^  confirms  our 
views  as  to  the  mode  of  growth  of  the  Pahcocrinoid,  and  throws 
light  upon  the  paheontological  development  of  Crinoids  generally. 
The  number  of  secondary  radials  varies  considerably  with  age. 
In  RoteocrinuH  O'Nealli  we  have  observed  as  many  as  seven,  but 
the  number  may  be  even  more  in  some  cases ;  and  on  the  other 
hand  we  found  in  some  j'ounger  specimens  only  tln-ee  or  four. 
The  lirst  and  second  of  these  plates,  an<l  the  third  and  fourth 
seem  to  have  been  united  by  syzygies,  at  least  the  lirst  and  thinl 
bear  no  pinnules,  while  beyond  the  fourth  pinnules  are  given  off 
regularly  from  alternate  sides  as  in  the  free  arms.     The  proximal 
pinnule  is  given  olT  toward  the  outer  side  of  the  ray,  or,  which  is 
the  same  thing,  toward  the  interradial  area,  the  next  one  toward 
the  interaxillary  space.     The  plate  which  gives  rise  to  the  first 
pinnule  has  almost  the  form  of  a  bifurcating  plate,  but  instead  of 
supporting  radials  of  a  higher  order,  it  bears  on  its  inner  sloping 
side  a  third  secondary  radial,  and  on  the  outer  a  stout  pinnule. 
The  first  fixed  pinnule  is  highly  elevated  above  all  other  plates  of 
the  interradial  space,  is  rounded  like  the  radials,  and  almost  as 
conspicuous.     In  one  of  our  specimens  it  consists  of  five  plates, 
three  of  which  are  soldered  into  the  body,  and  the  fourth  appar- 
ently free.     The  fixed  plates  are  nearly  as  strong  as  the  radials 
and  may  be  easily  taken  for  them,  having  like  them  winged  exten- 
sions by  which  the3'  are  laterally  connected  with  the  interradial 
plates.     The  upper  joint  is  much  smellier  and  constructed  like  the 
joints  of  the  free  pinnules.     The  second   pinnule  has  only  two 
joints  in  the  body,  the  third  but  one,  which  in  either  case  are 
larger  than  any  of  the  free  joints,  but  which  already  attain  some- 
what more  the  aspect  of  regular  pinnules,  and  are  given  off  in  a 
similar   manner.     In  a  specimen   of  Olyptocrinus  Richardsoni^ 
kindly  loaned  to  us  by  Prof.  Wetherby,  the  first  fixed  pinmile  is 
given  off  from  the  second  plate  above  the  first  bifurcation,  and 
consists  of  seven  plates  within  the  body,  the  third  and  fourth 
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plates  were  joined  by  syzygies.  Tlie  second  pinnule,  with  but 
foar  joints  within  the  body,  springs  from  the  opposite  side  of  the 
fourth  plate.  The  fifth  plate,  instead  of  a  pinnule,  supports  a 
regular  arm,  and  the  sixth  again  a  pinnule,  but  from  the  same 
Bide  as  the  preceding  pinnule.  This  is  important  as  it  suggests 
the  idea  that  the  pinnule  may  have  here  developed  into  an  arm. 
That  a  transformation  of  this  kind  took  place  in  some  groups,  is 
more  than  prol)able,as  will  be  shown  presently.  In  Glypiocrinus 
decadactylus  only  the  second  and  third  secondary  radials  arc 
joined  by  syzygies,  all  succeeding  pinnules  being  given  oli*  regularly. 

The  number  of  arms  has  been  considered  of  specific  importance 
among  the  Palajocrinidfe,  and  even  genera  have  been  based  upon 
this  character.  The  greatest  variation  in  the  arm  formula  is  found 
among  species  of  the  typical  Actinocrinida*,  in  which  we  include, 
besides  the  genus  Actinocrinus^  also  Strotocrmus^  Teleiocrinns, 
Phyttetocrinus  and  SteganocrinvH,  Those  genera  agree  in  the 
stvle  of  their  ornamentation,  and  in  the  construction  of  the  anal 
area,  which  differs  somewliat  from  that  of  all  other  Actinocrinidje. 
It  is  to  be  noted  that  in  this  group  the  sj^ecimens  have,  as  a  rule, 
the  same  number  of  arms  in  the  ditferent  rays,  the  few  exceptions 
being  due  to  deficient  or  abnormal  development  of  these  parts. 

The  genus  Actinocrinus  has  been  very  appropriately  separated 
by  Meek  and  Worthen  into  two  sections.  The  one,  with  Actim>- 
crinus  proboscidialis  Hall,  as  a  type,  has  the  arm-bases  arranged 
in  a  continuous  series  all  round  ;  the  other,  with  Actinocr,  multi- 
radialus  as  type,  has  the  rays  formed  into  more  or  less  protuberant 
lobes. 

A,  profx)scidiah'8  of  the  first  section,  which  represents  the 
simplest  form  of  this  interesting  group,  lias  only  four  arms  to  the 
ray.  The  first  departure  is  A,  reticulatus  with  four  arms  in  all 
but  the  two  posterior  rays,  which  have  five ;  the  fifth  arm  where 
it  exists,  being  placed  below  the  line  of  the  others  and  appearing 
somewhat  crowded.  Next  in  order  are  A.  limabrachiatus  and  A. 
clarus  with  five  arms,  in  which  one  of  the  divisions  in  each  ray 
divides  again.  A.  sexarmatxis  and  A.  opuacvlus  have  six  arms  or 
three  to  each  division  of  the  ray.  A.  multibrachiaius  and  A. 
pcnicilltLS  have  probably  six,  seven  or  eight  arms,  without  regu- 
larity as  to  arrangement  or  distribution.  A,  ccelatus  and  A,  spina- 
tentaculua  have  a  greater  number  than  any  other  species  of  this 
section,  having  normally  eight  arms  to  each  ray. 
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On  examining  a  large  collection  of  the  different  species,  it  will 
be  found  that  a  separation  according  to  the  number  of  arms  is 
not  so  satisfactory'  as  might  be  expected,  for  only  a  few  8|)ecimens 
will  be  found — except  the  four-armed  ones — which  agree  with  the 
given  arm  formula  of  the  species.  The  majority  will  be  found  to 
have  in  one  or  more  rays  ver3'  irregularly,  either  a  surplus  or  a 
deficiency  of  arms,  and  the  greater  the  number  of  arms  a  species 
possesses,  the  oftener  such  irregularities  occur.  The  difficulty  of 
identifying  these  species  is  further  increased  by  the  similarity — 
we  might  almost  call  it  identity — of  general  form  and  ornamenta- 
tion, which  prevails  throughout  the  group. 

The  gradual  increase  of  arms  would  naturally  lead  us  to  inquire 
whether  it  might  be  connected  with  the  growth  of  these  crinoids — 
an  idea  which  seemed  at  first  plausible,  inasmuch  as  the  above 
species  are  found  exclusively  in  the  Lower  Burlington  beds  ;  but 
an  examination  of  8{>ecimens,  with  the  arms  in  place,  shows  that 
such  is  not  the  case.  Specimens  with  four  arm  o{)enings  in  the 
body  to  each  ray,  have  also  four  simple  arms,  while  they 
should  have,  if  representing  a  younger  stage  of  the  six-  or  eight- 
armed  species,  the  same  number  of  arms  as  the  adult,  with  the 
bifurcations  taking  place  beyond  the  body  as  in  Plaiycrinus. 
The  fact  is,  however,  that  the  arms  of  A.  proboscidialis  are  not 
only  simple,  but  from  the  base  up,  are  composed  of  a  double 
series  of  pieces,  while  the  plates  which  should  form  the  higher 
orders  of  radials  in  the  adult  are  entirely  absent. 

In  Strotocrinus,  which  is  closely  related  to  Actinocrinus^  the 
variations  in  the  number  of  arms  are  still  greater,  being  among  the 
different  species  from  eight  to  twenty-four  to  the  ray.  Strotocri- 
nus  has  also  been  divided  by  Meek  and  Worthen  into  two  sections ; 
the  first  including  species  with  a  simple  anal  opening  directly 
through  the  vault,  which  they  call  the  typical  form,  and  the  second, 
those  with  a  large  sub-central  anal  tube,  for  which  we  have  pro- 
posed the  sub-genus  Teleiocrinus.  The  ornamentation  among  the 
different  species  of  the  two  sections  is  remarkably  similar,  only 
that  in  some  species  the  striations  are  more  prominent,  in  others 
the  nodes.  The  most  important  feature  of  the  genus  is  the  pecu- 
liar rim,  which  extends  out  horizontally  from  the  body,  formed  of 
the  higher  orders  of  radials,  which  are  connected  by  interradial, 
interaxillary,  and  some  other  apparently  accessory  pieces.  In  the 
allied  Actinocrinus  spinotentaculus  with  eight  arms  to  the  ray, 
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the  Slrotocrinus  rim  is  already  iiulieatecl,  and  in  specimens  in 
whicli  th«  arms  are  preserved,  tlieir  lower  portions  stand  out  hori- 
zontally as  in  that  genus;  but  the  plates  of  these  parts  are  not 
connected  laterall}',  which  feature,  aside  from  the  dilference  in  the 
number  of  arms,  constitutes  the  principal  distinction  between 
Aciinocrinus  and  Teleiocrinus. 

Throughout  this  group,  all  bifurcations  of  the  ray — after  the 
first — take  place  on  the  first  plate  in  each  order,  only  one  of  the 
branches  dividing  again,  and  this  alternately  from  opposite  sides, 
the  other  branch  remaining  simple.  The  arrangement  is  such 
that  the  bifurcating  plates  of  each  primary  division  of  the  ray 
follow  each  other  in  direct  succession,  forming  two  main  trunks, 
while  the  plates  which  remain  simple,  and  are  succeeded  by  others 
to  the  edge  of  the  rim,  are  given  otf  alternately  like  pinnules. 
These  lateral  branches  are  separated  from  the  main  ra3's  by  small 
pieces,  and  each  branch  supports  a  free  arm  at  the  edge  of  the 
rim.  Within  the  rim,  the  mdial  series  are  conspicuously  marked 
by  sharp  carina*  or  ridges,  which  pass  from  plate  to  plate,  and 
follow  both  main  and  lateral  divisions,  while  the  small  accessory 
pieces,  which  connect  them,  are  formed  into  deep  depressions. 
Comparing  the  ridges  with  the  elevations  we  have  described  in 
OlyptocrinuSj  and  which  are  found  in  other  Silurian  genera,  the 
resemblance  is  indeed  very  striking.  Tlie  ridges  in  the  latter 
extend  over  the  primary,  secondary,  and  sometimes  over  the  ter- 
tiary radials,  and  pass  gradually  into  arms;  but  while  we  find  in 
Glyptocrinus  very  strong  arm-like  pinnules,  there  are  in  Htroto- 
crinus  and  Teleiocrinus  pinnule-like  arms,  both  included  within 
the  body  walls,  and  both  springing  off  laterally  like  ordinary  pin- 
nules. The  lateral  bmnches  in  the  rim  of  Strotocrinus  were 
evidently  pinnules  in  the  young  animal,  and  free  as  in  the  younger 
stage  of  Glyptocrinus,  but  with  growth  gradually  developed  into 
regular  arms;  while  those  of  the  latter  remained  as  i)innules 
during  lifetime.  This  explanation  accords  with  the  construction 
of  pinnules,  which  is  so  similar  to  that  of  arms,  that  it  is  in 
many  cases  exceedingly  dillicult  to  draw  a  lino  between  them.  In 
Melocrinus  the  alternate  pinnule-bearing  appendages  were  called 
by  some  authors  arms,  by  others  pinnules.  The  branches  in 
Cyathocrinus  were  called  pinnules  by  Wyville  Thomson,  and  arms 
by  most  other  authors. 

Following  out  the  observations,  it  seems  probable  that  all  arms 
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above  the  first  bifurcation  are  metamorphosed  pinnules,  given  off 
from  the  primary  radials.  Applying  this  rule  to  the  case  of 
Actinocrinus  and  Teleiocrinus^  the  idea  is  suggested  that  A,  pro- 
boscidialis,  which  is  the  most  common  species  of  the  group,  and 
has  only  four  arms  to  the  ray,  is  in  all  probability  the  progenitor 
of  all  similar  Burlington  species,  evidently  of  both  genera.  In 
A.  recttculatus  only  the  proximal  pinnule  toward  the  posterior 
side  was  transformed ;  in  ^.  clarus  one  pinnule  in  each  ray ;  in 
species  with  six  arms  the  first  pinnule  on  the  opposite  side  was 
added  ;  in  species  with  seven  arms  the  first  and  second  pinnules 
of  one  side,  and  the  first  of  the  other,  and  so  on  alternately  on 
opposite  sides.  Although  the  increase  of  arms  is  frequently 
attended  with  some  irregularity,  the  number  of  arms  should  here 
be  considered  of  specific  importance,  and  deviations  from  the 
normal  number  as  intermediate  steps  between  the  species. 

During  the  Lower  Burlington  Limestone  epoch,  the  number  of 
arms  never  exceeded  eight  to  the  ray,  but  in  species  even  of  that 
number  tlie  arms  are  so  crowded  together,  that  they  could  not 
have  been  arranged  side  by  side,  were  not  their  lower  portions 
bent  outward,  in  the  same  direction  as  we  find  the  rim  in  Siroto- 
crinus.  In  species  of  Actinocrinus  with  only  a  few  arms,  the 
arms  are  movable  from  the  base  up ;  movement  is  less  free  in 
species  with  six  arms  to  the  ray,  and  the  facility  of  motion  is 
lessened  with  every  increase  of  arms.  This  lack  of  mobility,  of 
course,  only  extended  to  the  lower  arm  joints,  which  for  some  dis- 
tance were  so  closely  crowded  together  that  they  could  not  have 
moved  in  any  direction,  and  it  was  probably  in  consequence  of  this 
inactivity  that  the  proximal  arm  pieces,  which  in  the  simpler  forms 
were  free,  became  gradually  connected  by  growth.  This  was 
evidently  the  first  step  in  the  direction  of  Teleiocrinus.  After- 
wards, by  still  further  increase  of  arms,  additional  plates  became 
laterally  attached,  and  in  this  way  the  rim  was  gradually  developed. 
In  Actinocrinus  the  rim  was  merely  indicated  by  the  adhesions  of 
a  few  plates  to  the  calyx,  the  primary  rays,  and  their  main  divisions 
being  still  distinctly  separate.  In  ActinocrinuH  (Strotocrinus) 
serratus^  Meek  and  Worthen,  which  forms  a  kind  of  connecting 
link  between  Actinocrinus  and  TeleiocrinuSj  only  the  two  main 

'  This  is  the  only  species  from  the  Lower  Burlington  beds  which  might 
be  referred  to  Teleiocrinus, 
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divisions  of  the  rays  were  laterally  connected,  but  the  rim  is  not 
continuous  above  the  five  primary  divisions  of  the  ray. 

We  have  already  noticed  the  presence  of  small  plates  inter- 
polated between  the  radial  portions  of  the  rim,  forming  sunken 
areas,  and  having  altogether  the  appearance  of  accessory  pieces 
(PI.  XVIII,  fig.  I,y3p.).  A  closer  examination,  however,  shows  a 
marked  regularity  in  their  aiTangement,  and  there  can  be  little 
doubt  that  they  represent  pinnules,  given  off  alternately  from 
opposite  sides,  and  soldered  into  the  body  walls  together  with 
arm  joints.  This  interpretation  is  confirmed  by  the  allied  genus 
SteganocrimiSy  in  which  the  corresponding  parts,  under  more 
favorable  conditions,  instead  of  forming  a  rim,  remained  free 
(PL  XVIlI,fig.  3). 

Steganocrinus  Meek  and  Worthen  is  connected  witb  the  other 
section  of  Actinocrinus — type  of  A.  mulHradiaius — in  the  same 
manner  as  the  A  proboscidialis  group  with  Teleiocrinus,  In 
A.  muUiradiatus  and  allied  species,  the  third  primary  radial  is  bent 
abruptly  outward,  its  upper  articulating  faces  which  support  the 
higher  radials  being  directed  almost  horizontally,  thereby  forming 
the  rays  into  protuberant  lobes,  separated  by  wide  and  deep  inter- 
radial  depressions ;  contrary  to  A,  proboscidialiSj  in  which  the 
arms  are  more  or  less  continuous,  and  the  sides  of  the  calvx 
nearly  straight  up  to  the  tertiary  radials.  We  should  have  sepa- 
rated the  two  sections  upon  these  characters,  at  least  subgeneri- 
cally,  if  Miller,  in  establishing  the  genus  Actinocrinus^  had  not 
unfortunately  chosen  for  the  type  a  species  which  is  intermediate 
between  the  two,  thus  rendering  it  difficult  to  determine  the 
typical  form.  It  is  very  evident  that  the  structure  of  the  ra^^s  of 
A.  muUiradiatus  did  not  admit  the  development  of  a  rim  like  that 
of  Strotocrinus  and  Teleiocrinus^  as  even  the  most  profuse  growth 
could  not  well  have  filled  the  break  between  the  rays,  and  the 
spaces  between  the  arms  within  the  ray  were  ampl}-  sufficient  to 
afford  them  free  motion.  This  we  think  furnishes  a  reason  why, 
under  similar  conditions,  the  arms  and  pinnules  of  this  genus, 
contrary  to  those  of  Teleiocrinus^  remained  free  during  life. 
Steganocrinus  and  Teleiocrinus  have  very  close  affinities  in  their 
structure.  In  both  of  them  there  are  five  main  rays — a  succession 
of  radials  longitudinally  arranged — which  give  off  arms  alternately 
and  from  opposite  sides ;  but,  while  in  Steganocrinus  the  plates  of 
the  different  order  of  radials  are  extended  into  free  appendages. 
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with  free  arms  and  free  pinnules,  the  radials  in  Teleiocrinus  and 
their  branches  and  pinnules,  to  a  certain  height,  are  laterally  con- 
nected and  included  within  the  body  walls. 

Strotocrinus  bears  the  same  relation  to  Physetocrinus  as  Actino- 
crinus  to  Teleiocrinus^  Physetocrinus  differs  from  the  A,  probos- 
cidialis  form,  mainly  in  having  a  simple  anal  opening  through 
the  vault,  instead  of  a  tube,  and  the  same  cliaracter  separates 
Strotocrinus  from  Teleiocrinus, 

In  Eucladocrinu9  of  the  Platycrinidae,  the  case  is  the  same  as 
in  Steganocrinua.  In  that  genus  an  indefinite  number  of  radials, 
apparently  intersected  by  8yz3'gies,  are  formed  into  long  radial 
appendages,  which  give  off  pinnule-bearing  arms  from  opposite 
sides.  It  agrees  exactly  with  Plalycrinus  in  the  construction  of 
the  body,  and  both  have  free  lateral  appendages,  in  which  the  arms 
originate  alternately  on  opposite  sides.  The  arms  of  Plalycrinus^ 
however,  are  only  given  off  close  to  the  body,  while  those  of 
Eucladocrinus^  as  in  Steganocrinus^  are  given  off  continuously 
and  the  free  rays  extend  almost  to  the  height  of  the  arms 
(PI.  XVIII,  fig.  7). 

Not  less  interesting  is  the  case  of  Melocrinus,  which  we  take  to 
be  a  successor  of  Mariacrinus  (as  amended  by  us).  Both  genera 
make  their  appearance  in  the  Upper  Silurian,  but,  while  the  former 
does  not  survive  later  than  the  Silurian,  the  latter  flourishes  in 
greatest  profusion  in  the  Devonian.  Mariacrinus^  in  its  simplest 
form,  has  but  four  arms  to  the  ray,  two  of  which  are  given  off  like 
pinnules  from  the  body  toward  the  interradial  spaces,  while  the 
two  inner  ones  stand  erect,  are  parallel  and  lie  close  together.  In 
other  species  of  the  genus,  the  inner  arms  give  off  from  one  to 
three  additional  arms,  always  directed  to  the  outer  side  of  the  ray. 
The  arms  are  composed  of  single  joints,  which  bear  pinnules  in 
the  usual  way.  The  two  median  arms  of  the  ray,  which  in  Maria- 
crinus  are  placed  side  by  side,  are  connected  in  Melocrinus  by  a 
suture,  and  appear  as  a  single  arm  composed  of  two  series  of 
plates,  but  the  suture  between  them  is  straight,  and  the  opposite 
plates  are  scarcely  ever  alternately  arranged.  That  a  coalescence 
of  two  arms  actually  took  place  here,  is  best  demonstrated  by  the 
fact,  that  in  the  calyx  the  two  parts  are  not  only  separate,  but 
often  have  interaxillary  pieces  between  them,  and  that  each  one 
has  a  distinct  passage.  The  compound  arms  of  Melocrinus  give 
off  at  regular  intervals,  instead  of  pinnules,  lateral  arms,  which 
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are  composed  of  a  double  instead  of  single  series  of  joints,  and 
bear  pinnules.  The  difference  from  Mariacrinus  thus  actually 
consists  only  in  the  much  greater  number  of  lateral  arms,  and 
their  being  composed  of  a  double  series  of  plates.  The  increase 
of  arms  evidently  took  place  under  the  same  conditions  as  in 
Steganocrinus  and  EucladocrinuHjthe  modifications  in  the  arm 
structure,  due  originally  to  individual  growth,  becoming  fixed  as 
generic  characters,  and  following  a  general  rule,  by  which  it  seems 
that  the  arms  in  all  genera  of  the  Spha3roidocrinida?,  on  passing 
into  the  Devonian,  change  from  single  to  doubly  joints. 

Let  us  now  consider  some  cases  of  Batocinnun  in  which  an 
increase  of  arms  took  place  in  the  species  under  somewhat  dilferent 
conditions.  It  has  been  shown  by  us  (Proc.  Acad.  Nat.  Sci.  Pliila., 
1878,  p.  230)  that  Datocrinus  GhryM^  as  a  rule,  has  two  arms 
from  each  arm  opening,  diflering  thus  from  other  species  of  that 
genus.  In  the  AcHnocrinites^  and  many  other  of  the  Sphteroido- 
crinidae,  the  arm  openings  are  mere  breaks  in  the  body,  and  the 
proximal  arm  joints  consist  of  single  plates,  while  in  Batocrimis 
they  api)ear  more  like  passages  penetrating  the  test,  and  the  arms 
from  their  very  base  up  are  constructed  of  two  series  of  pieces. 
We  have  in  our  collections  several  specimens,  which  in  every  other 
respect  resemble  B.  Chrysii  except  that  they  have  single  arms. 
They  were  obtained  exclusively  from  the  lower  strata  of  the  Upper 
Burlington  Limestone,  the  typical  form  of  the  species  occurring 
in  greatest  abundance  in  the  ui)per  hiyers.  The  specimens  with 
double  arms  are  generally  larger  than  the  others,  but  we  find  them 
also  very  small,  thereby  indicating  that  the  modified  arm  structure 
had  passed  beyond  the  stage  of  mere  individual  variation  due  to 
growth,  and  became  a  permanent  character  of  specific  value 
perhaps.  B,  Chnjsti  and  its  variety  with  single  arms — for  which 
we  propose  the  name  B.  Lovei — have  twent}'  arm  openings,  but 
at  the  same  time  only  twenty  so  called  respirator}'  pores,  which 
are  located,  as  usually  in  species  with  twentj'  arms,  above  the 
interradial  and  interaxillary  areas.  In  both  species  the  pores  are 
placed  at  like  distances  from  the  arm  openings,  which  seems  to 
prove  that  the  additional  arm  was  given  otf  from  the  opposite 
side  alternately  from  the  pores.  The  arm  starts  from  the  first 
free  arm  piece,  which  is  changed  into  a  bifurcating  plate,  but 
without  materially  increasing  its  size.  Toward  the  close  of  the 
Burlington  Limestone  B.  ChryMi  underwent  some  changes,  and 
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the   variety  thus  produced  has  l)een  described   by   Meek  and 
Worthen  as  B.  trochiscus.    It  has  a  more  spreading  disk,  a  more 
concave  dome,  a  comparatively  lower  body,  is  of  larger  size,  and 
consequently  has  more  intcrradials,  but  otherwise  is  not  different 
from  B,  Chrysti.     B.  planodiscus  Hall,  which  occurs  still  higher 
in  the  Burlington  and  Keokuk  transition  beds,  and  in  the  lower 
IMirt  of  the  Keokuk  Limestone,  is  evidently  a  more  mature  form 
of  B,  Chrysti  and  B,  trochiscus,  which  by  enormous  development 
in  the  radial  regions,  and  a  great  increase  of  interradial  and  inter- 
axillary  plates,  attained  a  still  greater  expansion  of  the  disk.     In 
B.  Chrysti  and  B,  Lovei,  interaxillary  plates  are  wanting ;  they 
are  occasionally  represented  by  one  or  two  plates  in  B.  trochiscus, 
while   B,  planodiscus  has  from   nine  to  eleven,  with  a  similar 
increase  of  intcrradials.     In  the  latter  species,  the  small  bifur- 
cating arm  pieces,  from  which  in  B.  Chrysti  the  second  arms  are 
given  off,  and  also  the  two  succeeding  rows  of  pieces,  in  both 
arms,  are  enclosed  within  the  bod}'  walls,  the  inner  row  as  radials, 
the  other  as  interradial  or  interaxillary  pieces,  which  all  attain 
the  form  and  size  of  the  associated  plates  in  the  lower  orders. 
B.  planodiscus  has  forty  arms  like  B,  Chrysti  and  B.  trochiscus, 
but  they  are  simple,  branching  in  the  bod}^;  while  the  other  two 
species  have  twenty  arms  which  branch  in  their  free  state.     The 
increase  of  arms  no  doubt  takes  place  in  this  group  in  a  similar 
manner  as  in  Actinocrinus  and  Strotocrinus,  but  while  in  the  two 
latter,  the  alternate  pinnules  of  only  the  two  main  divisions  of 
the  ray  became  arms,  in  B.  planodiscus  the  proximal  pinnule  of 
each  arm  was  thus  transformed. 

In  B,  Chrysti  and  its  allied  forms,  we  find  an  illustration  of  the 
difficulty  we  often  encounter  in  discriminating  between  species 
and  varieties.  There  are  apparently  four  forms  represented  in 
that  type,  of  which  the  two  extremes,  viewed  separately,  are  well 
defined  specifically  as  well  as  geologically,  but  placed  in  connection 
with  the  two  others,  they  form  a  series  which  might  well  be  taken 
for  variations  of  one  species. 

A  similar  case  is  presented  by  a  series  of  specimens  obtained 
from  the  Keokuk  Limestone  of  Indiana.  The  collection  com- 
prises nearly  two  hundred  specimens  of  Batocrinus,  but  contains 
comparatively  few  species.  By  far  the  greater  number  came  from 
Bono,  Lawrence  County,  others  from  Edwardsville,  Floyd  County, 
a  few  from  Canton,  and  the  rest  from  Crawfordsville.    The  Bono 
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and  Edwardsvillc  crinoids,  in  their  geucral  habitus,  resemble 
Burlington  fossils,  but  we  have  so  far  not  been  able  to  identify  a 
single  Burlington  si>ecie8  among  them,  while  we  found  several 
identical  with  8i>ecies  from  Crawfordsville,  though  generally 
smaller.  The  crinoidal  fauna  of  Canton  includes  both  Bono  and 
Crawfordsville  forms,  but  embraces  also  some  of  the  huge  forms 
80  characteristic  of  the  Upper  Keokuk  beds  of  Keokuk,  Iowa,  and 
Nashville,  Tenn.,  and  which  are  entirely  wanting  at  Crawfords- 
ville and  Bono.  We  have  not  been  able  to  ascertain  the  exact 
relative  age  of  each  stratum,  but  are  inclined  to  believe  that  the 
Crawfordsville  bed  occupies  an  intermediate  position  between 
those  of  Bono  and  Canton  on  one  side,  and  Keokuk  on  the  other. 

The  crinoids  to  which  we  allude  are  easily  separated  into  two 
groups.  Those  of  the  first  have  flat,  somewhat  spatulate  arms,  a 
subconical  or  subturbinate  calyx,  and  a  variable  arm  formula,  and 
are  appropriately  referred  to  the  genus  Uretviocrin  us ^yvhWc  those 
of  the  second,  which  we  refer  to  5a/oGriV?w«,  have  a  globose  body, 
round  arms,  with  arm  formula:  J  J,  rarelv  3  J. 

Among  thirty-two  specimens  of  the  first  group,  all  from  Bono? 
there  are  twelve  which  have  sixteen  simple  arms :  jjt,  two  others 
have  at  one  side  of  the  right  posterior  ray  a  pair  of  arms  instead 
of  a  single  arm — the  formula  maj'  be  graphically  represented  thus : 

ij  1  111  1 1 — ,  and  in  one  specimen  we  find  one  of  the  anterior  arms 

1 1 
represented  by  a  pair,  while  all  the  others  are  simple.     The  last 

three  specimens  no  doubt  are  abnormal  cases,  but  they  are  inter- 
esting as  showing  a  tendency  of  the  species  to  an  increase  of  arms 
in  the  postero-lateral  and  anterior  rays.  All  the  above  si)ecimens 
can  l>e  safely  referred  to  a  new  species  which  we  call  Eretmocrinus 
origiuarius. 

There  are  thirteen  other  specimens,  for  which  we  propose  the 
name  Eretmocrinus  inlermedius,  which  agree  with  the  former 
in  all  essential  points,  having  the  same  peculiar  ornamentation, 
the  same  form  and  size,  and  being  derived  from  the  same  layers ; 
but  they  differ  in  having,  as  a  rule,  in  the  anterior  ray  two,  and  in 
both  postero-lateral  rays  three  additional  arms,  while  the  antero- 
lateral rays  are  unchanged.  The  additional  arms  are  given  off 
alternately  from  the  two  main  divisions  of  the  rays  as  in  Actino- 
crinns.  They  are  simple  and  in  most  cases  included  within  the 
lK)dy  walls,  except  in  the  two  posterior  raj's,  in  which  the  arms 
arising  from  the  last  bifurcation  are  arranged  in  pairs. 
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In  this  lot  of  crinoids  there  are  two  more  specimens,  one  having 
twenty-one  arms  distributed  thus :  1 1 1 1  i_i  sl2>  ^"^  ^^^  other  twenty- 
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seven,   tlius :    22121112.     Both   agree   with   the   two   preceding 

species  except  in  the  arm  formula,  but  even  this  is  fundamentally 
identical  with  E,  originarius,  the  simple  arms  of  the  latter  being 
in  part  replaced  by  pairs.  None  of  our  Bono  specimens  have  the 
double  arm  structure  throughout  all  the  rays,  but  we  obtaine<l 
from  Edwardsville  and  Canton  several  specimens  in  which  that 
feature  prevails,  and  for  which  we  propose  the  name  Eretmocrinus 
adultu».  The  two  irregular  Bono  specimens  may  not  l)e  the 
intermediate  forms  between  that  species  and  E,  originarius^  but 
this  is  probable,  and  they  show  how  the  double  arm  structure 
became  introduced. 

Scarcely  less  interesting  are  some  specimens  of  Batocrinus, 
Among  sixteen  examples  of  a  form  which  we  call  B,  Whitei — eleven 
from  Bono,  two  from  Canton,  and  three  from  Edwardsville — there 
arc  fourteen  with  the  arm  formula:  i^.  while  two  of  them  have 
four  arms  to  the  posterior  ray.  No  double  arm  structure  has  been 
observed  in  this  species  at  Bono,  but  its  apparent  representative 
at  Crawfordsville  has  always  two  arms  from  each  opening.  J?. 
IndianensiB  has  the  same  form  and  ornamentation  as  B,  Whitei, 
and  the  same  arm  formula — with  substitution  of  double  for  single 
arms — and  it  evidently  bears  the  same  relation  to  that  species  as 
B,  Chrysli  to  B.  Louei,  and  E.  adultus  to  E.  originarins. 

It  would  be  interesting  to  pursue  this  line  of  examination  further, 
and  trace  the  relations  subsisting  among  other  groups  similarly 
connected.  But  we  have  perhaps  gone  far  enough  to  serve  our 
present  purpose.  It  is  to  be  observed,  however,  that  the  import- 
ance of  this  kind  of  investigation,  in  its  bearing  upon  S3'8tematic 
classification,  can  scarcely  be  overestimated.  It  has  to  do  with 
the  principles  which  lie  at  the  very  bottom,  and  it  is  onl}'  by  the 
study  of  these  relations,  of  the  exact  anatomical  changes  which 
produced  individual  variation,  and  in  time  permanent  modification 
of  forms,  that  we  can  hope  to  arrive  at  a  correct  understanding  of 
the  groups  in  nature,  or  be  able  to  make  scientific  discrimination 
of  families,  genera,  species  and  varieties. 

M«ny  species  have  been  made,  upon  mere  differences  of  growth ; 
some  upon  unimportant  variations  in  the  arm  formula;  some  upon 
abnormal  development  in  certain  parts  of  the  body;  others  upon 
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slight  modifications  in  ornamentation;  while  still  others  were 
founded  upon  material  so  imperfect  that  neither  figure  nor  de- 
scription sufficiently  defines  the  form.  Our  literature  is  so  over- 
burdened with  synonyms  that  we  fear  a  very  large  percentage  of 
so-called  species  ought  to  be  eliminated.  We  have  undertaken  to 
point  out  such  cases  among  the  Burlington  and  Keokuk  Crinoids, 
and  although  we  have  been  obliged  to  throw  out  a  considerable 
number  of  species,  we  have  only  done  so  where  necessity  seemed 
to  require  it,  and  we  suspect  we  should  not  have  gone  amiss  by 
reducing  the  list  still  more.  Schultze  undertook  the  same  task 
for  the  Crinoids  of  the  Eifel,  and,  although  we  cannot  agree  with 
him  in  retiring  certain  genera,  we  concur  in  his  determination  of 
synonymic  species.  There  are  no  doubt,  also  many  synonyms 
among  the  SubcarboniferQus  Crinoids  of  Belgium  and  England. 
One  of  us  had  an  opportunity,  several  years  ago,  of  studying  the 
original  collection  of  De  Koninck  in  the  Museum  of  Cambridge, 
and  became  convinced  that  the  eleven  Belgian  species  of  Actino- 
crinu8j  described  in  the  Recherches  Crin.  Carb.  Belg.,  might  be 
safely  reduced  to  four  or  five. 

10.  The  SO-CALLED  "Respiratory  Pores.'* 

In  the  first  part  of  this  work,  on  page  1 1 ,  we  called  attention 
to  certain  pores,  located  in  the  body  at  the  arm  regions,  on  either. 
side  of  the  ambulacral  openings,  and  we  endeavored  to  show  that 
they  correspond  in  position  with  the  so-called  ovarian  openings 
of  the  Blastoids.  At  that  time  we  asserted  that  the  pores  were 
in  some  genera  fixed  at  a  definite  number,  independent  of  the 
number  of  arms  in  the  species ;  that  Batocrinus^  for  instance,  had 
always  twenty  pores,  whether  the  species  had  twenty  arms  or 
more,  and  that  one-half  the  pores  were  located  radially  and  the 
rest  interradially.  In  this  we  were  evidentlj'  in  error ;  the  pores 
probably  always  agree  in  number  with  the  arms,  and  are  really 
neither  radial  nor  interradial,  but  are  placed  at  the  base  of  the 
arms.  A  specimen  of  Batocrinus  subaequalis,  now  before  us,  with 
twenty-two  arm  openings,  has  twenty-two  pores,  and  a  specimen 
with  twenty-four  arms  has  twenty-four  pores.  In  the  fonner  the 
vault  became  accidentallv  detached  from  the  calvx,  in  such  a 
manner,  that  we  were  enabled  to  follow  up  in  both  parts  the  direc- 
tion of  the  pores  as  they  pass  into  the  body  (PL  XIX,  fig.  4). 
Neither  the  pores  nor  the  arm  openings  penetrate  the  plates,  but 

Id 
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both  are  placed  between  the  sutures  and  appear  as  grooves  situated 
within  the  upper  series  of  radials.  The  grooves  in  the  calyx  are 
opposed  by  similar  grooves  in  the  corresponding  jxirts  of  tlie  dome, 
and  pores  as  well  as  arm  openings  enter  the  body  horizontally. 
The  grooves  which  constitute  the  arm  openings  follow  the  median 
course,  wliile  the  smaller  grooves,  forming  the  pores,  enter  ob- 
liquely from  the  sides,  and  join  the  others  at — or  just  before — the 
l>oint  where  they  enter  the  general  cavity  of  the  body.  The 
pores  which  are  given  off  toward  the  outer  arms  of  the  ray  are 
deeper  than  the  rest,  and  connect  with  the  arm  openings  at  the 
moment  these  enter  the  general  cavity.  Those  of  the  inner  arms 
meet  midway  in  the  test,  and  in  case  there  is  another  arm  between 
the  two  divisions  of  the  ray,  its  pores  join  the  arm  passages  close 
to  the  outer  surface  of  the  test.  This  explains  the  fact  that  the 
partition  between  the  two  last-mentioned  openings  is  so  rarely 
preserved,  and  that  these  openings  are  generally  found  united  in 
the  fossil.  The  arrangement  of  the  pores  is  similar  in  other  genera 
of  the  Actinocrinidae,  the  pores  between  the  main  divisions  of  the 
ray  being  universally  more  conspicuous  than  the  inner  ones.  In 
the  Platycrinidffi  and  other  genera  in  which  the  upper  radials  are 
extended  into  free  rays,  the  pores  are  located  at  the  base  of  the 
arms,  not  at  the  base  of  the  free  ray,  and  hence  are  rarely 
observed.  OUacrinus^  so  far,  is  the  only  genus  in  which,  in  con- 
nection  with  the  pores,  appendages  have  been  observed.  They 
there  form  heavy,  arm-like  extensions,  often  surpassing  the  arms 
in  length,  with  a  channel  through  their  centre.  The  channels 
unite  with  the  arm  passages  within  the  test  in  a  similar  manner  as 
the  pores  in  Batocrinus. 

The  allinities  which  are  apparent  between  the  pores  of  the 
Actinocrinida?  and  the  ovarian  openings  of  the  Blastoids  with 
regard  to  their  position,  suggests  a  probable  analogy  in  their 
function?,  and  if  the  latter  served  as  a  madreporic  apparatus  it 
would  seem  reasonable  to  suppose  that  the  pores  in  the  Actino- 
crinidae did  the  same.  But  there  are  objections  to  this,  and 
another  interpretation  is  at  least  possible.  From  what  is  now 
known  of  tlie  ontogeny  of  tlie  Palaeozoic  crinoids,  we  are  inclined 
to  think  that  the  pores  may  have  been  originally  pinnules,  which 
with  progressing  growth  were  soldered  into  the  body.  This  would 
explain  the  fact  that  all  pores  located  beside  the  inner  arms  are 
located  closer  to  the  arm  openings  than  those  of  the  outer  arms. 
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for  they  are  pinnules  of  higher  branches  in  the  body,  and  henc*' 
were  less  deeply  enclosed  in  the  test. 

It  would  be  interesting  to  trace  the  pores  in  genera  like  Glypto- 
crinus,  in  which  the  fixed  pinnules  retain  their  forms  after  they 
became  fixed ;  but  in  those  genera  the  arms  are  unfortunately 
located  at  the  edge  of  the  ventral  disk,  and  an  examination  is  difli- 
cnlt.  In  all  carboniferous  Orinoids  in  whicli  the  pores  are  dearly 
seen,  no  fixed  pinnules  can  be  traced  externally  in  the  test,  and 
apparently  no  free  pinnules  were  attached  to  the  pores,  or  they 
should  have  been  found  preserved  in  some  of  our  specimens. 

The  proximal  pinnules  in  the  recent  Crinoids  contain  the  genital 
glands,  and  it  is  at  least  not  impossible  that  the  pores  as  rudi- 
mentary pinnules,  served  as  genital  organs.  This  supposition  is 
strengthened  by  a  comparison  with  the  ovarian  openings  of  the 
Ophiuridse  and  Astrophytidte,  which  apparently  occupy  a  very 
similar  position  to  the  pores  of  the  Actinocrinidie.  Those,  we 
believe,  are  said  to  be  in  part  respiratory  and  so  it  is  possible  that 
the  pores  of  these  Crinoids  had  both  functions. 

As  a  convenient  summing  up  of  our  discussion  of  the  Spha?roido- 
crinidie,  we  give  the  following 

Condensed  Family  Diagnosis. 

Bodtj  comparaiiveh/  Inrge^  (/lobular,  conical  or  Mturhinate;  plaffn 
solidly  cemented  together^  immovable,  separated  only  by  sutu?'ef<  ; 
symmetry  bilateral,  sometimes  almost  perfectly  pentahedral. 

Calyx  composed  ofhasals^  radials,  interradials  and  sometimes 
interaxillary  plates,  Underbasals  present  or  absent.  Ita dials  in 
at  least  two  orders^  the  upper  one  /I'etjiiently  extended  into  free 
rays.  Posterior  or  anal  area  wider  than  the  four  interradial 
areas,  and  the  arrangement  of  its  plates  generally  distinct. 
Ventral  disk  more  or  less  elevated,  const  rue  ted  of  numerous  plates 
forming  a  free  arch,  unsupported  by  oral  plates,  Tlie  plates  of 
the  vault  are  arranged  substantially  upon  the  same  plan  as  those 
of  the  calyx,  and  consist  of  the  same  elements.  Apical  dome  plates 
well  defined.  Anus  inform  of  a  simjde  opening  directly  through 
the  vault,  or  prolonged  into  a  solid  tube,  perforated  at  the  distal 
end,  but  \oithout  respiratory  pores. 

Arms  composed  of  one  or  two  series  of  pieces.  Pinnules  long^ 
slender^  generally  in  contact  laterally.     Food  grooves  and  amhv- 
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lacral  vessels  entering  the  body  through  openings  in  the  test,  whence 
they  are  continued  beneath  the  vault  by  means  of  tubes, 

Digentive  apparatus  composed  of  a  convoluted  sac,  surrounded 
by  a  delicate  calcareous  network. 

Column  long;  its  cross-section  circular^  elliptical,  sometimes 
pentagonal  or  quadrangular;  central  perforation  small  to  medium^ 
rarely  large. 


A.  Subfamily  FLATTCBIHIDJE  Roemer. 
(Amend.  Wacbs.  &  Spr.) 

The  name  Platycrinidje  has  been  used  by  most  writers  in  a  full 
family  sense,  and  in  this  they  seemed  to  be  justified,  as  most  of 
the  genera  are  by  their  general  aspect  readily  distinguished  from 
those  of  the  Actinocrinidae  and  Rhodocrinidae.  The  differences, 
however,  which  produce  that  particular  habitus,  are  evidently  not 
the  result  of  marked  anatomical  modifications. 

The  boily  of  the  Platycrinidae,  according  to  the  views  of  other 
writers,  is  composed  only  of  basals,  primary  radials,  and  vault 
pieces,  all  succeeding  plates  in  a  radial  direction  are  considered 
b}-  them  to  be  arm  plates.  The  rays  in  this  group  generally 
become  free  from  the  first  axillary,  but  the  extended  parts  are 
true  extensions  of  the  body,  covered  like  this  by  regular  vault 
pieces,  and  these  arranged  in  the  same  manner,  they  are  not  arms 
in  our  sense,  as  they  possessed  no  true  articulation.  If  the 
respective  parts  in  the  Actinocrinidse  are  to  be  regarded  as 
radials,  then  also  are  those  of  the  Platycrinidse,  they  compose  in 
the  former  the  sides  of  the  body  walls  only  in  adult  specimens, 
in  the  younger  state  they  form  free  appendages  as  in  the  mature 
Platycrinidne.  The  plates  of  the  extended  parts  are  joined  by 
suture,  there  is  no  hinge  line,  and  the  articulation  was  by  ligament 
only,  probably  similar  to  that  of  the  anal  tube,  which  certainly 
was  flexible  to  some  extent. 

The  distinctions  between  Platycrinidae  and  Actinocrinidae  are 
more  readily  perceived  than  described,  and  seem  to  be  fairly  ex- 
pressed by  saying  that  the  former  represent  a  younger  stage  of 
the  latter,  and  remained  as  a  persistent  type  of  that  stage  of 
growth^  The  interradial  regions  are  represented  by  a  single 
plate,  leaving  the  upper  radials  unconnected  laterally  as  in  the 
young  Actinocrinoid. 
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A  close  comparison  of  the  three  sub-divisions  of  the  Palaeocri- 
noidea  shows  that  the  modifications  which  each  undergoes,  some- 
times in  the  same  geological  epoch,  are  more  or  less  repeated  in 
all  of  them.  This  is  particularly  the  case  as  to  the  construction 
of  the  arms.  The  same  development  from  single  to  double  arm 
joints  occurs  in  all  of  them,  and  simultaneously  in  the  Upper 
Silurian.  A  similar  analogy  is  found  in  the  arrangement  of  the 
arms.  In  each  group  there  are  simple  and  branching  arms,  arms 
which  are  given  off  directly  from  the  body,  or  laterally  from  free 
rays,  and  even  the  pinnules  are  arranged  in  a  like  manner.  The 
plates  of  the  body  are  composed  essentially  of  the  same  elements, 
but  in  the  Platyerinidaj  comparatively  few  plates  are  enclosed 
within  the  calyx,  many  of  them,  which  in  the  Actinocrinida?  form 
a  conspicuous  part  of  the  body,  being  here  found  in  the  lateral 
appendages.  In  the  Platycrinidte,  the  calyx  proper  is  constructed 
almost  exclusively  of  basals  and  first  radials,  all  higher  orders  of 
radials  either  forming  a  part  of  the  bracliial  appendages,  or,  when 
partially  incorporated  with  the  calyx,  being  insignificant  com- 
pared with  the  other  parts.  In  this  respect  they  exhibit  a  marked 
difference  from  the  Actinocrinidoe  and  llhodocrinidae,  in  which  the 
higher  radials  are  prominent  elements  in  the  calyx.  In  the  Platy- 
crinidte, the  interradial  plate  is  pushed  into  a  line  between  calyx 
and  dome,  and  appears  like  a  dome  plate,  though  being  in  fact  a 
part  of  the  aboral  side,  and  analogous  with  the  first  interradial 
in  the  Actinocrinida?,  like  this  it  rests  upon  the  upper  edges  of 
the  two  adjoining  first  radials,  which  are  generally  notched  for  its 
reception,  a  iK)sition  very  different  from  that  of  the  interradial 
dome  plates.  In  Dichocrinus  the  radials  are  not  notched,  and 
the  plate  in  question  is  actually  pushed  into  the  dome,  but  here 
also,  as  in  all  similar  cases,  a  more  profuse  development  of  second 
and  third  radials  within  the  calyx,  would  place  this  plate  in  posi- 
tion with  the  interradials  in  the  Actinocrinida\ 

We  have  stated  in  ourfamily  diagnosis  that  the  Sphieroidocrinida* 
have  at  least  one  interradial  plate;  Pterotocrinus  seems  to  be  an 
exception  to  this  rule,  but  in  that  genus  the  family  relations  are 
otherwise  so  clearly  expressed,  that  it  seems  to  us  unnecessary  to 
separate  it  on  account  of  the  absence  of  that  plate.  Pterolo- 
crinus  is  the  last  survivor,  and  probably  the  most  mature  and  ex- 
travagant form  of  the  family  In  its  typical  species  there  are 
not  only  secondary,  but  also  tertiary  radials  enclosed  in  the 
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calyx,  and  the  plates  of  the  different  rays  meet  laterally  in  the 
body.  The  case  is  similar  to  that  of  Slrolocrinus ;  the  arms,  as 
in  that  genus,  are  crowded  together,  naturally'  producing  at  first 
a  lack  of  mobility  in  the  proximal  parts  of  the  rays,  until  eventu- 
ally the  sides  became  attached.  In  P.  crassus  and  P.  Chester^ 
ensis  Meek  and  Worthen,  in  which  the  lower  arm  portions  are 
comparatively  narrower,  the  connection  between  the  rays  is  not 
perfect,  especially  at  the  posterior  side ;  while  in  P.  depressus 
Lyon,  and  in  all  of  Wetherby's  species,  the  connection  between 
the  upper  radial  is  uninterrupted,  and  the  arms  are  given  off 
directly  from  the  body,  and  not  from  brachial  appendages  or  free 
rays.  In  Meek  and  Worthen^s  species,  in  which  the  first  radial 
plate  extends  to  the  top  of  the  calyx,  it  is  apparent  that  the  first 
plate  above,  though  pushed  into  the  dome,  is  the  analogue  of  the 
regular  interradial  plate  of  the  group,  but  in  P.  depressus,  in 
which  that  plate  rests  above  the  tertiary  radials,  it  is  probable  that 
the  interradial  plate  proper  was  pushed  inwards,  and  either 
became  obsolete,  or  is  perhaps  visible  only  at  the  inner  side  of 
the  test. 

The  construction  of  the  dome  has  been  already  so  fully  dis- 
cussed that  a  few  general  remarks-  here  will  suffice.  The  vault 
resembles  fundamentally  that  of  the  Actinocrinidas  and  Rhodo- 
crinidffi.  The  plates  are  comparatively  large,  and  tbe  apical  dome 
plates  very  conspicuous.  The  radial  regions  are  each  composed 
of  two  rows  of  plates  alternately  arranged,  which  commence 
either  close  to  the  centre  plate,  or  near  the  edge  of  the  disk,  and 
branch  toward  the  free  rays,  following  their  direction,  and  paving 
their  ventral  surface.  The  interradial  regions  of  the  dome  are 
comparatively  large,  composed  of  one,  two  or  more  plates. 
Anus  in  form  of  a  small  tube,  or  simple  vault  opening.  Column 
round  or  elliptic,  never  pentagonal ;  perforation  very  small. 

For  greater  convenience  we  have  divided  the  Platycrinidaj  into 
two  sections : 

A.  Plattcriniteb,  including  genera  with  a  marked  pentahedral  sym- 

metry, and  without  special  anal  plates  in  the  calyx. 

B,  IIsxACKiNiTEB,  with  a  decided  bilateral  symmetry,  and  a  large  anal 

plate  enclosed  within  the  calyx. 

The  presence  of  a  special  anal  plate,  upon  which  this  division 
has  been  based,  is  somewhat  remarkable,  on  account  of  the  great 
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size  of  the  plate,  and  the  comparatively  large  space  which  it  occu- 
pies in  the  body ;  but  too  much  importance  should  not  be  attached 
to  it,  as  we  find  in  the  Actinocrinidoe  and  Ilhodocrinidje  tho  same 
variation,  and  apparently  without  any  disturbance  of  the  relationH 
between  the  genera.  The  presence  of  this  plate  in  the  Platy- 
crinidie  is  entirely  in  harmony  with  our  idea  that  this  group 
represents  a  younger  stage  of  the  Actinocrinidie,  for  this  anal 
plate  was  early  developed  in  the  animal,  and  is  found  in  the 
youngest  individuals  in  both  groups  of  equal  size  with  tlic  first 
radial. 

In  1843,  the  two  Austins  proposed  (Monogr.  Rec.  and  Foss. 
Crinoids)  the  name  Platycrinidae  as  a  family  designation,  embra- 
cing the  genera  Platycrinus^  Cyathocrinus  and  Cari/ocrinus^ 
without  special  diagnosis,  merely  mentioning  that  those  genera 
"  had  but  few  plates  below  the  ra}',  and  thus  might  conveniently 
be  arranged  into  a  natural  group."  They  placed  Marsypiocrinus 
along  with  Grotalocrinus  under  the  "  Marsupiocrinoidea." 

Not  any  better  is  the  arrangement  of  D'Orbigny,  who  placed 
Platycrinui^  under  "  Melocrinidae,''  and  Edwardsocrinus  and 
Dichocrinus  under  the  Cyathocrinidte. 

F.  Roemer-8  *'  Platycrinida'  '^  (1855.  Leth.  Geognostica,  Ausg. 
Ill,  p.  228),  agree  substantially  with  ours.  He  brought  into  the 
family:  Flatycrinua,  Dichocrinus^  Hexacrinus,  C uUcocr in y s  a,nd 
MarsupiocTnnua^  but  unfortunately  added  Atocrinus^  and  Sym- 
hcUhocrinus^  the  first  of  which  we  place  under  the  Cyathocrinidae, 
and  the  latter  we  consider  the  t3'pe  of  a  new  family.  Pict^t 
(Traits  de  Paleont.,  1857)  made  his  Platycriniens  a  suMivision 
of  the  Cyathocrinidae  and  enumerates  under  it  the  genera  Platy- 
crinuSn  Edwardsocrinus^  Amhlacrinus^^  Marsupiocrirtus,  Ato- 
crinus^  Symhathocrinus  and  Adelocrinus^*  but  placed  Coccocrinus 
and  Haplocrinus  under  the  Haplocrinidse^  following  Roemer. 

The  arrangement  of  Zittel  (Handb.  der  Palaontologie)  agrees 

*  Atocrinus  McCoy,  is  evidently  a  Cyathocrinus  in  which  tlie  sutures 
between  the  plates  are  invisible,  owing  to  the  condition  of  the  fossil,  and 
not  a  riatyerinus  as  supposed  by  some  authors.  The  plates  of  the  body 
and  the  arms  agree  exactly  with  CyathoerinuSf  while  no  Piatycrinus  of  the 
Subcarboniferous  lias  single  arm  joints. 

•  Byn.  of  Piatycrinus. 

•  D'Orbigny,  insufficiently  defined,  probably  syn.  of  Coccocrinus, 

*  Phill.,  insufficiently  defined. 
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with  that  of  Roemer,  except  that  he  separates  Symbalhocrinus.BXid 
adds  Cordylocrinus  and  Plerotocrinus  which  had  been  established 
later.  He  also  placed  here  Storthingocrinus  which  we  propose  to 
transfer  to  the  Symbathocrinidte. 

The  Platycrinidae  are  first  met  with  in  the  Upper  Silurian, 
whence  they  range  to  the  close  of  the  Subcarboniferous. 

We  arrange  the  two  sections  as  follows  : — 

a,  Plattcbihitks. 

1.  Coecoerinus,  6.  Platyerinui. 

2.  CordyloerinuM.  Subgenus  EueladoerinuB. 
8.  Culifocrinus,                                   6.  CotyUdonoerin'M, 

4.  MarmpiocrintiB, 

h.  Hexagrinites. 

7.  Rt^acrinus,  9.  Talaroerinus. 

8.  Dichocrinus.  10.  Pterotoerinus, 

a,  Plattcrinites. 
1.  COCCOCSIHT78  Joh.  MUlIer. 

1855,  Miiller.  Verb.  Naturh.  Yerein  Rheinl.,  xii,  p.  20. 
1860.  F.  Roemer.  Foss.  Fauna.  Westlich.  Tenn.,  p.  51. 
1879.  Zittel.     Handb.  d.  Palseont.,  i,  p.  347. 

Syn.  Flatycrinus  Roemer,  1844  (not  Miller),  Rhein.  Uebergangsgeb., 
p.  63. 

Miiller  proposed  the  genus  Coecoerinus  for  a  species  which  had 
previously  been  referred  by  Roemer  to  Flatycrinus.  The  two 
genera  are  identical  in  the  construction  of  the  calyx,  and  the 
summit  really  forms  the  only  distinction  between  them.  In  well- 
preserved  specimens  of  Coecoerinus,  the  vault  is  constructed  of 
five  large  oral  plates,  which  rest  upon  five  interradial  pieces.  The 
oral  plates  are  not  in  contact  laterally,  but  leave  five  slits,  which 
in  the  fossil  have  no  floor  nor  covering,  and  leave  an  open  space 
in  the  centre.  It  is  evident  that  the  central  space  and  open  furrows 
were  covered  in  the  animal  as  in  similar  genera,  and  this  suggests 
a  closer  analogy  with  Platyerinus  than  had  been  suspected  by 
Miiller,  Schultze,  Zittel  or  Carpenter,  who  suggested  an  unob- 
structed mouth.  The  interradial  plate  which  rests  upon  the  edge 
of  the  first  radials  is  characteristic  of  both  genera,  and  the  two 
or  more  succeeding  interradial  dome  pieces  of  Flatycrinus  are 
possibly  analogous  with  the  single  so-called  oral  plates  of  Coeco- 
erinus.   This,  if  correct,  would  reduce  the  generic  difference  to 
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that  of  a  compound  oral  plate  in  PlatycrinuSj  as  against  a  simple 
one  in  Coccocrinus. 

Zittel  has  arranged  this  genus  with  Haplocrinus  under  a  separate 
family. 

Generic  Diagnosis. — Body  small,  globose ;  calyx  constructed 
like  that  of  Platycrinus  ;  vault  composed  of  live  oral  plates,  resting 
upon  five  smaller  interradial  pieces. 

Basals  three ;  two  of  them  equal,  the  third  smaller  by  half,  the 
suture  between  the  two  equal  plates  directed  toward  the  right 
posterior  ray ;  the  two  sutures  in  connection  with  the  smaller  one 
directed  to  the  anterior  and  left  lateral  rays,  thereby  disturbing 
the  general  symmetry  of  the  calyx,  which  otherwise  would  be  i)erfect. 

Radials  2X5;  the  first  large,  quadrangular,  its  upper  comers 
slightly  truncate  for  the  reception  of  the  interradial,  and  its 
upper  side  slightly  convex.  Second  radials  narrower  by  half 
than  the  first,  and  very  short ;  they  are  almost  quadrangular — 
although  bifurcating  plates — on  account  of  the  very  obtuse  angle 
upon  which  they  support  the  arms. 

Arms  unknown,  only  a  single  joint  having  been  discovered, 
which  is  small  and  round. 

Interradials,  one  to  each  area  resting  upon  the  corners  of  the 
first,  and  between  the  second  radials;  its  upper  part  truncate, 
deflected  towards  the  summit,  and  supporting  another  somewhat 
larger  plate,  giving  five  in  the  vault,  which  form  a  low  pyramid. 
The  latter,  which  are  oral  plates,  do  not  join  laterally,  nor  in  the 
centre,  but  leave  a  median  space  and  lateral  slits,  which,  in  jxirfect 
specimens,  were  doubtless  closed,  the  one  by  the  apical  dome 
plates  and  the  slits  by  small  marginal  pieces.  Posterior  side  only 
distinguished  by  the  anal  opening,  which  is  placed  within  the 
suture  of  the  interradial  and  oral  plate. 

Column  small,  cylindrical ;  central  canal  round  and  narrow. 

Coccocrinus  differs  from  Haplocrinus  in  having  the  first  radials 
simple  instead  of  compound,  and  in  the  oral  plates,  which  in  the 
latter  are  formed  into  compartments  for  the  reception  of  the  arms. 
It  differs  from  Platycrinus  and  Cordylocrinus  in  the  summit 
structure,  and  from  the  former  also  in  having  the  column  round 
instead  of  elliptical  and  twisted. 

Geological  Position^  etc. — Of  the  two  species  referred  to  this 
genus,  one  is  from  the  Lower  Silurian  of  Tennessee,  the  other 
from  the  Devonian  of  the  Eifel,  Germany, 
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1844.  Gooeoer.  rof«oeni  F.  Roemer.    (Platyor.  roMMni)  Rbeio.    Ueberf^Dgsgeb., 

p.  63,  PI.  3,  fig.  3 ;  Miiller,  1855.   CoeooOT.  roiMeus,  tjpe  of  the  genui.  Verta. 

Natarh.   Verein   Rheinl.,   xii,  p.  21,  PI.  7,  figs.  5  a,  b,  o      Bronn,  1860. 

Klasien  des  Tbierraioh*,  ii,  PI.  28,  figf.  8  a,  b,  o;  Sohultxe,  1867.  Echinod. 

Eifl.  Kalk.,  p.  89,  PI.  12,  fig.  13.     Deronian,  Eifel.,  Germany. 
1860.  CooooeriniLi  baeoa  F.  Roemer.    Silur.  Faun.  West  Tenn.,  p.  51,  PI.  4,  figs.  5  a, 

b,  0.     Niagara  Gr.,  Tenn«i8ee. 


2.  COBDYLOCBIirUS  Angelin. 

1878.  Angelin.    Icon.  Crin.  Suec.,  p.  8. 
1879.'Zittel.    Handb.  der  Palseontologie,  i,  p.  865. 

Syn.  Platycrinua  Hall  (not  Miller),  Pal.  N.  Y.,  iii,  p.  113. 

Hall  ( Pal.  New  York,  iii)  describes  three  species  under  Platy- 
crinits  which  evidently  belong  to  Cordylocrinus,  The}'  have  the 
same  number  of  radials,  and  the  arms  are  similarly  composed  of 
a  single  row  of  joints.  The  genus  should,  however,  be  amended 
so  as  to  admit  s]:)ecies  with  branching  arms.  We  propose  the  fol- 
lowing : 

Generic  Diagnosis, — Body  small,  closely  resembling  a  young 
Flatycrinus. 

Basals  three;  unequal,  closely  anchylosed.  Radials  3X5: 
the  first  very  large ;  the  second  quadrangular,  much  wider  than 
high,  resting  within  the  concave  upper  margin  of  the  first; 
the  third,  which  has  the  proportions  of  the  second,  but  bifurcating, 
supports  the  two  primary  arms  of  which  each  ray  is  composed. 

Arms  simple  or  branching,  composed  of  single  joints.  Pinnules 
long. 

Interradials,  one  between  the  upper  edges  of  the  first  radials, 
and  followed  b}'  three  or  more  similar  plates  in  the  dome,  the 
number  of  the  latter  being  greater  on  the  posterior  side. 

Form  of  dome  and  anus,  and  condition  of  the  apical  dome 
plates  unknown. 

Column  cylindrical,  joints  alternating  in  size,  the  larger  giving 
off  sometimes  at  intervals  long  lateral  cirrhi. 

Geological  Position,  etc. — Restricted  to  the  Upper  Silurian,  both 
in  Europe  and  America. 

We  place  here  the  following  species : — 

1878.  Cordyloorinni  oomtus,  Angelin.  Type  of  tbe  genus.  Iconog.  Crin.  Sueo., 
p.  3,  PI.  23,  fig.  3.     Upper  Silurian.     Gothland,  Sweden. 

*IS6I.  CordyloeriniLi  parvui,  Hall.  (Platyor.  parvui).  Pal.  New  York,  iii,  p.  114, 
PI.  4,  ££■>.  6,  7,  8,  9.    Lower  Helderberg.    Herkimer  Co.,  New  York. 
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*IS61.  Oordjlocr.  plamMm,   Ilall.    (PUtyer.  plnmoiai.)  Pal.  Kew  Vork,  iii,  p. 

113,  PI.  if  figs  1>6.    Lower  HeKlcrberg.     Ilcrkimer  Co.,  New  Turk. 
*1861.  Cordjloor.  ramnlomi,  Hull.    (PUtyor.  ramnloini.  Pal.  New  York,  iii,  p. 

115,  PL  4,  figs.  10-13.     Lower  Heldcrberg.    Herkimer  Co.,  New  York. 

8.  OULICOCBIHTIS  Joh.  Miillor. 

1855.  Joh.  MQller.    Verh.  Naturh.  Verein  Uheinl.  xii,  p.  28. 
1855.  F.  Roexner.    Lethsea  Geogn.  Ausgabe  iii,  p.  348. 
1879.  Zittel.     Handb.  der  Pa1»ont.,  i,  p.  367. 

Syn.  FtatycrinuB  Wirt^D  aud  Zeiler,  1855.     Vorh.  Naturh.  Verein, 
p.  15. 

Miiller  proposed  Culicocrinus  merely  as  a  subgenus  of  Flaiy- 
crinuSj  a  distinction  which  seems  to  us  scarcely  in  proportion  to 
the  differences  ai)parent  between  the  two  forms,  and  we  therefore 
propose  it  as  a  genus.  Zittel  even  places  it  with  Bi'tarocrinuH 
under  a  separate  family.  Protoeryale  conHuentina^  lloemer  (Verb. 
Naturh.  Vereins,  xii,  p.  29,  PL  9,  figs.  2, 3),  is  according  to  Miiller 
probablj'  identical  with  Culicocr,  nodosus. 

Generic  Diagnottis. — Body  elongate ;  calyx  higher  than  wide ; 
basals  and  first  radials  heavy  and  nodose ;  symmetry  almost  per- 
fectly i)entahedral. 

Basals  three,  large;  two  of  them  equal,  pentagonal,  the  third 
smaller  by  half  and  quadrangular ;  sutures  very  distinct.  They 
form  a  [)entagon,  the  central  i)art  excavated  for  the  reception 
of  the  column;  separated  from  the  radials  by  a  deep  groove. 
Primary  radials  3X5;  the  first  large,  tuberculous,  quadrangular 
in  outline  but  in  fact  hexagonal,  owing  to  the  slight  truncation 
of  the  upi>er  comers  adjoining  the  interradials  ;  the  second  about 
quadrangular,  narrower  than  the  first,  very  short,  and  three  or  four 
times  wider  than  high ;  the  third  varying  in  form  and  size,  but 
generally  triangular.  The  latter  plates  mostly  occupy  only  the 
median  |)ortion  of  the  margin  of  the  second  radials,  in  whicli  case 
the  outer  ends  of  those  i)lates  aid  in  supporting  the  secondary 
radials ;  sometimes,  however,  they  fill  the  entire  widtli  of  the 
second  primaries,  and  the  secondary  plates  rest  wholly  upon  the 
slo|)ing  sides  of  the  triangular  pieces.  Secondary  radials  1  X  10, 
generally  wider  than  high,  supporting  two  arms  to  the  ray. 

Arms  stout,  attached  laterally  up  to  the  second  or  third  joints, 
above  which  at  some  distance  the}*^  branch.  They  are  from  the 
base  up  composed  of  two  rows  of  joints,  alternately  arranged,  and 
meeting  by  zigzag  sutures. 
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Interradials :  one,  placed  between  the  upper  comers  of  the  first 
radials,  higher  than  wide,  narrowing  toward  the  summit,  extend- 
ing to  the  top  of  the  secondary  radials,  and  abutting  against  the 
proximal  dome  plates.  The  plate  at  the  posterior  area  is  some- 
what wider,  and  supports  the  anal  aperture  which  is  almost  lateral. 

The  dome,  according  to  Miiller,  is  composed  of  onl}'  five  plates, 
but  we  suggest  that  probably  his  largest  plate  includes  four  plates, 
the  spiniferous  central  vault  piece,  the  two  proximal  vault  pieces, 
and  a  small  anal  plate  between  them.  The  four  large  proximal 
vault  pieces,  each  crowned  with  a  spine,  are  no  doubt,  correctly 
represented.  Those  few  plates  occupy  the  greater  part  of  the 
summit,  leaving  but  little  space  for  the  radial  dome  plates,  which 
as  yet  are  unknown. 

Column  round. 

Gulicocrinus,  in  its  form  and  general  habitus,  has  the  closest 
resemblance  to  our  genus  Talarocrinus,  which  bears  the  same 
relation  to  Dichocrinus  as  Culicocrinus  to  Platycrinus,  In 
Platycrinus  and  Dichocrinus^  all  radials  above  the  first  plate  form 
a  part  of  the  free  rays,  while  in  the  two  other  genera  all  the 
primary  and  even  the  secondary  radials  are  included  in  the  calyx. 
This  genus  further  diflfers  from  Platycrinus  in  having  three 
primary  radials,  a  character  which  distinguishes  it  also  from 
Marsupiocrinus,  the  construction  of  the  vault  being  likewise  very 
distinct.     It  differs  from  Gordylocrinus  in  the  arm  structure. 

Geological  Position^  etc, — The  only  known  species  is  from  the 
Lower  Devonian  of  Germany. 

1855.  Culiooorinni  nodoini  Wirtgen  and  Zeiler.  (PUtyor.  nodoini.)  Verh.  Naturh. 
Verein,  xii,  p.  15,  PI.  6,  figs.  2,  3.  MUlIer,  1855.  Onliooer.  nodoiui.  Ibid., 
p.  24,  PI..  8,  figs.  1-4.     Graawaoke.     Near  Coblents,  Germanj. 

This  species  is  known  only  by  impressions  left  in  the  rock,  and 
casts  taken  therefrom. 

4.  XABSirPIOGSIHirS  Phillips. 

(Not  Xarmpiorinitta  Blainville   =  Xarmpitti  Mant., 
nor  XarBupioorinitM  Hall.  =  Ljrioerinni). 

1889.  Phillips  apud  Murchisoiiy    Silur.  System.,  p.  672. 

1842.  Austin.    Ann.  Mag.  Nat.  Hist,  z,  p.  109. 

1843.  Austin.    Ibid.,  zi,  p.  198. 

1857.  Pictet.    Traits  de  Paltont.,  iv,  p.  882. 
1878.  Angelin.    Icon.  Crin.  Suec,  p.  2. 
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1879.  ZtteL     Haadb.  der  Px;eodc.  ?.  M.k 

Syn-  Pti^rrww  F.  Su^nwr.  :«^.'.     St::2r.  Fvn   W   Tfoa..  ?.  P. 
**     Cnp^iLKriJiUJ  Tr»>?i5t    ISTO.    List    Crii    Tffoa.     7.   ^t  : 
Shamwi.  :'?*L     *:xaL  Pil.  Fjw.  Sorta  Aawr..  r.W: 

Mar^upiO'yrin'Aj*  hats  "Ti'Tv-i'tceilT  oI-:-w  a:!!::-.::^*  w-.:h  f*"-«:^>- 
crintf^,  with  which  Lu  has  h^trti  •■:Tc:i!5«*i  7y  Joe.  Mull^r  aii'l  Hal', 
but  it  diders  in  :he  hi^h^r  ori^r*  of  niial*.  whioh,  :?.>:*:*  i  v^" 
being  extended  inD>  lK^  rij*.  f.jm:  a  rart  •.^f  :hr  oadyx :  ana  a!<o 
in  hnvin:?  the  colamn  r.  iTi-i  insteA-l  of  rllitcio.  a:vi  tL^  oaruil 
larger. 

Troost'*  gen  as  C'AfW/<r*;r»'^''j*.  which  was  •ier.n*-!  a>  !a:e  a*  l>»5i> 
bj  Shomard,  ma«t  fc«  cjnsMere'i  a  smonvni  of  this  ^uu>,  uwlt^s* 
it  should  hereafter  be  foau*l  that  the  anu>  in  the  forictT  vviisists 
of  a  simple  opening  thn?n:zh  the  vault,  and  nt>t  a  :u>>e  as  iu  :he 
latter,  in  which  case  a  sa>«i:enerio  division  mijiht  Iv  iustin^\i. 
Troost.  in  his  List.  Crin.  Tenn.,  mentions  several  sjvv'ies  uikKt 
Cupellsfcrinu^,  one  of  which  is  probably  identical  witli  Koemor*s 
PL  Tenne^fseeiui^,  bat  none  of  them  have  ever  l»een  doscribe\l  or 
figured. 

Angelinas  Manupic^rinhiif  duhv.is  is  quite  a  ditfervut  thin^, 
probably  an  Actinocrinoid.  as  is  in*licated  by  the  basal  disk, 
which,  instead  of  being  pentagonal,  is  hexagonal  anddivideil  into 
three  equal  pieces. 

Job.  Miiller  considered  3/.  ccelatus  a  Platui'Hnus  ■  Monatsb. 
Berl.  Acad..  1841,  p.  207  .differing  from  the  Austins,  who  ma«lo  it 
the  tyije  of  a  separate  family  in  wliich  they  included  the  giMius 
Croialocrinus.  Pietet.  Angelin.  and  Zittel  view  the  matter  as  we 
do,  and  place  it  as  h  distinct  genus  under  the  Platycrinidte. 

Oeneric  Diagnosis. — Body  globular;  calyx  low,  l>;isin-«ihaiHHl, 
the  lower  portions  flat  or  slightly  convex  ;  sides  more  or  less 
straight,  surface  corrugated  or  ornamented  by  Hue  striations; 
symmetry  perfectly  pentahedral ;  secondary  and  tertiary  nulials 
forming  part  of  the  calyx ;  connected  lateralh'  by  a  single  inter- 
radial  plate. 

Basals  three,  large,  unequal,  arranged  as  in  Plafycrinu^^ 
Radials  2X5;  those  of  the  first  row  large,  meeting  latenilly,  bent 
abruptly  from  their  connection  with  the  basals,  and  forming  with 
them  a  shallow  cup,  the  middle  of  their  upper  margins  excavatcil 
for  the  reception  of  a  small  triangular  second  radial,  which  is  at 
least  as  high  as  wide,  but  often  higher,  and  which  has  convex 
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sides.  This  plate  occupies  not  more  than  one-fourth  to  one-third 
the  width  of  the  first  radials,  and  supports  on  its  upper  sloping 
margins  the  secondary  radials.  Secondary  radials  2X6,  envelop- 
ing the  little  bifurcating  plate  entirely  except  below.  They  are 
comparatively  large,  pentagonal  to  heptagonal,  meeting  by  their 
short  inner  sides  above  the  apex  of  the  small  bifurcating  plate, 
and  resting  with  their  lower  sides  upon  the  upper  margin  of  the 
first  radial,  filling  the  greater  part  of  it.  In  some  cases  they 
touch  with  their  outer  edges  the  interradials,  and  support  upon 
their  long  upper  sides  several  small  plates  which  pass  gradually 
into  the  arms.  In  other  cases  there  is  on  either  side  of  these 
plates,  and  between  them  and  the  interradial,  another  plate  of 
about  the  same  size,  which  sometimes  rests  also  partly  on  the  first 
radial,  and  forms  the  first  of  a  series  of  three  tertiary  radials. 
which  support  the  outer  arm  on  each  side  of  the  ray.  One,  and 
sometimes  two  similar  tertiary  radials  support  each  of  the  inner 
arms  of  the  ray.  In  forms  like  the  last,  the  secondary  radials 
seem  to  be  bifurcating  plates,  supporting  on  each  upper  sloping 
face  a  series  of  tertiary  radials  leading  to  an  arm. 

Arms  twenty,  sometimes  perhaps  only  ten ;  composed  of  a  double 
series  of  interlocking  joints,  either  throughout  their  entire  length, 
or  all  except  near  the  base,  where  there  are  sometimes  single 
cuneiform  joints  passing  gradually  into  a  double  series.  Arm 
furrow  deep  and  wide ;  pinnules  long,  composed  of  round  joints, 
somewhat  contracted  in  the  middle  and  widening  toward  the 
articulations. 

InteiTadial  plate  large,  higher  than  wide,  supported  upon  the 
upper  sloping  corner  of  the  first  radials,  and  connecting  the 
secondary  and  frequently  the  tertiary  radials  with  the  body. 
Posterior  side  of  calyx  in  no  way  distinct  from  the  other  sides. 

Vault  low,  hemispherical,  composed  of  a  larger  number  of 
plates  than  usually  found  in  this  family ;  plates  small,  particu- 
larly the  radial' dome  plates.  These  are  generally  formed  into 
narrow  ridges,  which  bifurcate  twice  within  the  body.  Inter- 
radial dome  plates  larger  than  the  radial;  apical  plates  not 
prominent  and  identified  with  difl3culty;  interpalmar  spaces 
paved  with  small  pieces.  Anus  subcentral,  tubular,  or  perhaps 
in  form  of  a  simple  opening  (?). 

Column  round,  composed  of  rather  large  joints  alternating 
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with  small  ones;  central  perforation  obtusely  pentagonal,  con- 
siderably larger  than  in  Platycrinus, 

Geological  Position ,  etc, — Marsupiocrinus  is  strictly  an  Upper 
Silurian  genus,  and  is  found  both  in  Europe  and  America. 

We  recognize  the  following  species  : — 

1839.  Xarinpioorinni  eoelatai  Phillips.  Type  of  tlie  gonus.  Murohi:«on's  Siltir. 
SjBt.,  p.  672,  PI.  18,  fig.  1;  Austin,  1812.  Add.  and  Mag.  Nat.  Hist.,  z, 
p.  1U9.     Upper  Silurian.     Dudley,  Eng. 

1878.  ICarsnpioer.  depreimB  Angolin.  Icon.  Grin.  Suec.,  p.  3,  PI.  10,  figs.  15-17. 
Upper  Silurian.     Gothland,  Sweden. 

1878.  Karmpioor.  pulohor  Angclin.  Icon.  Crin.  Suec.,  p.  3,  PI.  22,  figs.  27,  2^^ : 
and  PI.  27,  figs.  4,  4  a.     Upper  Silurian.     Quthland,  Sweden. 

1878.  X.  radiatat  Ang.  Icon.  Crin.  Snec,  p.  2,  PI.  10,  figs.  18-21.  Upper  Silurinn. 
Oothland,  Sweden.  This  species  was  erroneously  referred  by  llisinger  to 
Suoaljptoorinut  roiaoem  Goldf. 

1878.  X.  ragulotut  Ang.  loon.  Grin.  Suec,  p.  2,  PI.  22,  fig.  1.  Upper  Silurian. 
Gothland,  Sweden. 

^1860.  X.  TonnotseeiLiii  F.  Roemer.  (Platyor.  TonnoiBeeniiB)  Sil.  Fauna.  Weft 
Tenn.,  p.  35,  PI.  3,  figs.  4,  a-e ;  Shuinard,  1806.  CnpellsBorinni  Tennei- 
BOexuil,  Cikt.  Pal.  Foss.,  pt.  i,  p.  362.  Niagara  Gr.,  Upper  Silurian. 
Decatur  Co.,  Tenn. 

*1861.  X.  tantaonUtaB  Hall.  (Platyer.  tantaonlataB)  Pal.  New  York,  iii,  p  116. 
PI,  5,  figs.  1-4.     Lower  Helderberg  Gr.,  Upper  Sil.     Schoharie,  New  York. 

5.  PLATTCBINTT8  Miller. 

1821.  Miller.    Hist,  of  the  Crinoidea,  p.  78. 

1883.  Goldfuss,  in  part.     Petrefact.  Germ.,  i. 

1835.  xVgassiz,  in  part.     Mem.  Soc.  Neuchat.,  i,  p.  197. 

1886.  Phillips.    Geol.of  Y'orkshire,  ii,  p.  204. 

1839.  Goldfuss,  in  part.     Nov.  Acta.  Ac.  Leop.,  xix,  p.  343. 

1841.  Joh.  Miiller.     Monatsb.  Berl.  Akad.,  i,  p.  207. 

1842.  T.  Austin.    Ann.  and  Mag.  Nat.  Hist.,  x,  p.  109. 

1848.  T.  Austin.    Ibid.,  xi,  p.  199. 

1843.  T.  Austin.     Mon.  Rec.  Foss.  Crin.,  p.  6. 

1849.  McCoy.     Ann.  and  Mag.  Nat.  Hist.  (sor.  2),  iii,  p.  146. 

1850.  D'Orbigny.     Prodr.  de  Paluont.,  i,  p.  156. 

1852.  D'Orbigny.     Cours.  Elcm.  de  Paleont.,  ii,  p.  242. 

1852.  Qnenstedt,  in  part.     Handb.  d.  Petrefakt.,  p.  619. 

1858.  De  Koninck  and  Lehon.     Recherch.  Crin.  Uelg. ,  p.  155. 

1855.  F.  Roemer.     Lethiea  Geogn.  ( Ausg.  iii),  p.  242. 

1857.  Pict^t.    Trait<5  de  Paleont.,  iv.  p.  330. 

1858.  Hall.    Geol.  Rep.  Iowa,  i,  Pt.  ii,  p.  525. 
1866.  Meek  and  Worthen.    Geol.  Rep.  111.,  ii,  p.  170. 

1878.  Waclism.  and  Spr.     Proc.  Acad.  Nat.  Sci.  Phila.,  p.  243. 
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1879.  Zittel.     Handb.  d.  Palseontologie,  p.  864. 

Not  Phill.,  1841.    Pal.  Foss.  Cornwall,  p.  28.  —  Hexacrinus, 
Not  F.  Roemer,  1844.    Rhein.  Ueberg.  Geb.,  p.  68.  =  Coecoerinv^, 
Not  D'Orbigny,  1850.     Pix)dr.  d.  Pal.,  i,  p.  108.  —  ffezaerinus. 
Not  F.  Roemer,   1851.     Foss.  West  Tenn.,  p.  86.  =  Mariupuh 

erinus. 
Not  Hall,  1861.    Pal.  N.  York,  iii,  p.  118.  =  CordylocHnus  and 

Marsupiocrinus. 
Not  Schultze,  1866.    Ecbin.  Eifl.,  p.  68.  =  Storthingoerinus, 
Not  LyoD,  1869.     Am.  Phil.  Soc.,  xiii,  p.  459.  =  Hexacrinus, 

Byn.  Astropodia  Ure.,  1797.     Hist,  of  Rutherglen. 

Syn.  Nave  Encrinite  Parkinson,  1811.    Org.  Rem.,  vol.  ii. 

Syn.  Encrinitei  Scblottheim,  1828.     Nachtr.  Petrefaktenk. 

Syn.  Centroerinus  Austin,  1848.    Reo.  and  Foss.  Crin.,  p.  6 

Syn.  Pleurocrinus  Austin,  1843.    Rec.  and  Foss.  Crin.,  p.  6. 

Syn.  Edwardsoerinus  D'Orbigny,  1850.    Prodr.  d.  Pal^ont,  i,  p.  156. 

Syn.  Edwardsoerinus  D'Orbigny,  1852,     Cours.  E16m.,  ii,  p.  145. 

Syn.  Edwardsoerinus  Pict^t,  1857.    Traits  de  Pal.,  iv,  p.  831. 

Platycrinus  was  correctly  defined  bj'  Miller,  and  his  original 
sjiecies  with  the  single  exception  of  PL  pentangularis,  have  been 
retained  in  the  genus  ever  since.  This  species,  described  from  an 
imperfect  specimen,  was  made  by  D'Orbignj'  the  type  of  bis 
genus  DimorphocrtnuB  (Prodr.,  i,  p.  155),  but  is  evidently  a 
Pentremites, 

Austin  supposed  the  basal  disk  to  be  undivided  in  Platycrinus^ 
and  admitted  into  it  species  which  have  a  large  anal  plate  in  line 
with  the  first  radials,  but  such  only  in  which  he  thought  the  base 
to  be  composed  of  a  single  piece ;  he  refers  all  species,  in  which 
he  had  "  observed  a  tripartite  base,"  to  his  genus  Hexacrinus^ 
whether  they  have  an  anal  plate  or  not. 

The  seveml  species  which  Gold  fuss  placed  under  Platycrinus 
embrace  very  different  forms,  only  comparatively  few  of  which 
can  be  retained,  and  some  of  them  must  be  arranged  under  dis- 
tinct families. 

Phillips'  two  species,  from  the  Devonian  of  Cornwall,  have  been 
placed  with  Devonian  species  from  other  localities  under  Hexa- 
crinus, 

Roemer's  Platycrinus  rosaceus  is  a  Coccocrinus^  his  P.  Tennes- 
seensis^  and  Hall's  P.  tenfaculatus,  both  from  the  Upper  Silurian, 
have  been  referred  by  us  to  Marsupiocrinus;  Hall's  P.  parvus, 
P.  plumosus  and  P.  ramulosus  to  Gordylocrinus, 

Schultze,  in  1866,  described  under  Platycrinus  several  species 
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from  the  Eifel,  which  he  found  to  differ  from  that  genus  in  having 
no  interradials,  and,  as  he  supposed,  no  solid  ventral  covering- 
He  proposed,  in  case  a  separation  should  be  found  advisable,  to 
call  this  form  Storthingocrinus.  We  have  no  specimens  for  com- 
parison, but  if  the  figures  are  correct,  we  cannot  doubt  that  these 
species  are  not  only  generically  distinct,  but  belong  to  a  different 
famil}'.  In  the  entire  absence  of  interradial  plates  they  resemble 
Symbalhocrinus^  and  thej'  seem  to  have  been,  like  otlier  genera  of 
that  group,  covered  exclusively  by  apical  dome  plates  resting 
directly  upon  the  external  articulating  facets  of  the  first  radials. 
We  accordingly  recognize  the  genus,  but  remove  it  to  the  Sym- 
bathocrinidse. 

Edwardsocrinus  D'Orbignj',  as  previously'  stated,  is  nothing 
but  a  young  Plaiycrinus,  EucJadocrinus  Meek,  is  a  more  mature 
form  in  a  phylogenetic  sense,  and  is  therefore  properly  separated 
as  a  subgenus. 

Flaiycrinus,  as  now  restricted,  includes  species  with  an  anal 
tube,  and  those  in  which  the  opening  is  directly  through  the  vault* . 
The  tube  has  been  represented  by  the  two  Austins  and  by  De 
Koninck  and  Lehon  as  extending  almost  to  the  height  of  the 
arms,  heavy  and  rounded  at  the  distal  end.  We  fear  that  some  of 
their  figures  are  more  ideal  than  real ;  at  least  we  never  saw  an- 
American  species  with  so  long  a  tube.  Where  we  have  observed 
it,  the  tube  is  heavy,  but  short,  and  we  doubt  whether  in  any 
species  it  extended  to  more  than  two-thirds  the  height  of  the 
arms,  if  indeed  as  high.  Nor  is  the  upper  end  closed,  as  the- 
Austins  supposed,  nor  valvate ;  it  has  a  small  opening,  and  this, 
without  being  lateral,  is  somewhat  excentric.  The  oi>ening  through 
the  vault,  where  there  is  no  tube,  is  located  more  or  less  laterally^ 
never  centrall}*,  and  usually  at  the  top  of  a  wart-like  process, 
which  may  perhaps  be  considered  a  rudimentary  tube. 

The  two  Austins  attempted  a  division  of  the  genus,  based  upon 
the  form  of  the  anus.  They  proposed  to  place  under  Plaiycrinua 
only  species  with  a  **  central  oral  tube ;  "  those  with  a  "  valvate, 
unobtrusive  mouthy  or  mouth  capable  of  being  withdrawn  into  the 
yisceral  cup,"  they  called  Centrocrinus ;  and  those  with  a  "  mouth 
placed  laterally,  or  not  central,"  Pleurocrinu%.  Some  of  these 
characters  are  not  in  accordance  with  the  facts.  The  so-called 
mouth,  by  which  they  meant  the  anus,  is  always  excentric,  and  a 
withdrawal  of  the  tube  into  the  body,  as  suggested,  is  an  entire 

17 
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impossibility.  The  species  of  this  genus  are  so  Dumcrous  that  a 
sub-division  would  be  verj'  desirable,  but  even  a  subgeneric  sepa- 
ration, based  upon  the  presence  or  absence  of  an  anal  tube,  upon 
which  other  genera  of  this  family  have  been  successfully  divided, 
cannot  be  practically  carried  out  at  present,  for  the  reason  that 
these  parts  are  known  only  in  comparatively  few  species,  and  we 
have  been  unable  to  discover  any  additional  characters  by  which 
to  separate  the  two  forms.  We  have,  however,  added  Pleurocrinus 
in  brackets,  wherever  the  si>ecies  is  known  to  possess  a  simple 
opening,  and  it  may  be  said  that,  as  a  pretty  general  rule,  species 
of  their  kind  have  a  more  discoid  form,  while  those  with  a  tube 
have  a  more  elongate  body ;  but  there  are  exceptions  in  both  cases, 
and  often  the  facts  are  exactly  the  reverse. 

Generic  Diagnosis, — Bod}'  spheroidal ;  low  discoid  to  elongate. 
Calj'x  composed  of  basals  and  first  radials,  without  anal  plates 
intervening ;  all  succeeding  radials  embraced  in  the  free  rays ; 
surface  of  plates  variously  ornamented ;  symmetry  almost  equi- 
lateral. 

Basals  three,  unequal ;  one  quadrangular,  the  other  two  pentan- 
gular and  twice  as  large.  They  are  cemented  together  by  their 
sides  and  form  a  flat  disk,  or  a  more  or  less  shallow  cup,  the 
smaller  basal  being  located  below  the  suture  between  the  anterior 
and  left  lateral  radials.  Primary  radials  2X5;  the  first  very 
large,  about  quadrangular  in  outline,  the  second  small,  triangular 
or  pentagonal,  resembling  an  arm  plate  in  form.  Second  radial 
inserted  upon  the  excavated  upper  margin  of  the  first,  or  upon 
this  and  a  projecting  callosity  or  thickening  of  the  margin.  The 
plate  is  sometimes  so  small  that  even  both  radials  of  the  second 
order  rest  within  the  excavation  of  the  first  plate.  The  orders  of 
radials  vary  in  number,  corresponding  to  the  number  of  arms  in 
the  species ;  each  order  consisting  of  two  plates,  both  wider  than 
high,  the  second  bifurcating.  All  the  radials  from  the  second 
primary  up,  are  placed  into  free  rays,  from  which  the  arms  are 
given  off  alternately  from  opposite  sides,  with  two  arms  to  the  last 
bifurcation. 

Arms  long,  rather  heavy,  composed  of  a  double  series  of  plates, 
which  have  the  same  style  of  ornamentation  as  the  plates  of 
the  calyx.  In  the  younger  stage,  the  arms  are  composed  of 
single  wedge-form  joints,  giving  off  pinnules  in  a  zigzag  form. 
Pinnules  long,  slender,  composed  of  rounded  joints,  closely  packed 
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together ;  their  ventral  furrows  covered  by  two  rows  of  alternate 
pieces. 

Interradials,  one  to  each  space,  placed  between  the  free  rays ; 
supported  by  the  first  radials,  but  not  touching  the  second 
primary  or  any  other  radial  plate. 

Dome  elevated,  composed  of  comparatively  few  and  large 
plates;  apical  dome  plates  prominent;  the  central  and  the  four 
large  proximal  pieces  nodose  or  even  spiniferous.  Radial  regions 
somewhat  elevated,  constructed  of  a  double  row  of  larger  or 
smaller  pieces,  altematelj'  arranged,  which,  decreasing  in  size,  ex- 
tend to  the  extremities  of  the  free  raj's.  Interradial  spaces 
occupied  by  three — rarely  five — plates,  smaller  than  the  central 
dome  plates  and  less  nodose,  but  yd  com  para  tivel}'  large,  and 
resting  upon  the  interradial  of  the  calyx.  On  the  posterolateral 
sides,  there  are  several  additional  plates,  supporting  the  arms.  In 
rare  cases,  the  interradial  dome  plates  of  different  zones  are  later- 
ally connected,  and  the  radial  pieces  are  thereby'  pushed  to  near 
the  edge  of  the  disk. 

Anus  in  form  of  a  short,  heavy  tube,  composed  of  smooth 
plates ;  abruptly  rounded  at  its  upper  end ;  with  opening  nearly 
central  iPlatycrinxis)^  or  in  form  of  a  simple  lateral  oi>ening 
through  the  vault  {Ple.urocrinu»), 

Column  large  and  twisted  ;  composed  of  rather  large  joints, 
which  increase  in  length  as  they  recede  from  the  body :  central 
perforation  minute.  The  column  is  comparatively  short,  and 
toward  the  base  provided  with  numerous  lateral  branches,  which 
like  the  main  stem,  terminate  in  thin,  almost  hair-like  tubes. 
The  joints  are  transverseh'  elliptic,  each  one  being  twisted  so  that 
the  long  diameters  of  opposite  faces  make  an  angle  with  each 
other ;  and,  the  articulation  being  in  the  long  diameters,  a  rapid 
twist  is  imparted  to  the  whole  stem,  permitting  motion  in  all 
directions.  The  stem  seems  to  be  regularly  articulated,  which  is 
not  the  case  in  crinoids  with  a  round  or  pentagonal  stem ;  the 
articulating  lines  run  lengthwise  of  the  faces  of  the  joints  and 
consist  of  a  long  ridge  along  the  middle,  with  deep  depressions 
on  either  side,  which  latter  were  evidently  filled  by  ligament. 
The  column  forms  one  of  the  most  characteristic  features  of  the 
genus. 

Geological  Fosition,  etc, — Plattjcrinus,a(>  here  defined,  is  almost 
exclusively  a  Subcarboniferous  genus,  only  two  small  species  (one 
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of  them  doubtful)  being  known  from  the  upper  part  of  the  Devo- 
nian. It  is  found  most  abundantly  in  rocks  of  the  Burlington 
epoch,  which  embraces  the  lower  portions  of  the  Subcarboniferous, 
it  ceases  to  exist  at  the  close  of  the  St.  Louis  limestone.  No 
other  genus  of  the  PalaK>crinoidea  has  so  great  a  number  of 
si)ecies,  is  so  abundantly  represented,  and  has  so  wide  a  geogra- 
phical distribution. 

We  recognize  the  following  species : — 

1861.  PUtyoriniiB  sqiudU  Hall.  Dese.  New  Sp.  Crin.,  p.  117;  also  Geo!.  Rep.  HI., 
V,  p.  456,  PI.  8,  fig.  8.     Upper  Barllngton  limestone.    Barlington,  Iowa. 

1850.  PI.  amerieanu  Owen  and  Shnmard.  Journ.  Nat.  Sei.  Phila.  (ser.  ii),  ii;  also 
1852.  n.  S.  G<K»1.  Rep.  Iowa,  Wis.  and  Minn.,  p.  504,  PI.  5  b,  figs.  I  a,  b. 
Lower  Burlington  limestone.  Burlington,  Iowa. 
Syn.  PI.  tmneatlU  Hall.  1858,  Geol.  Rep.,  Iowa,  i,  pt  .ii,  p.  587.  Hall  in  this 
ease  described  a  young  specimen  of  PI.  aB^rieAimi.  The  lower  part  of  the 
arms  are  eonposed  of  f>ingle,  wedge-form  joints,  giring  off  the  pinnules  in  a 
sigxag  arrangement. 

1S61.  PI.  aiper  Meek  and  Worthen.  (Plearoeriimi)  Proc  Acad.  Nat.  Sci.  Phila., 
p.  129;  also  1868,  Qeol.  Rep.  III.,  iii,  p.  468,  PI.  18,  fig.  9.  Upper  Burling- 
ton limestone.     Burlington,  Iowa. 

1858^  PL  artBOmi  DeKoninck  and  Lehon.  Reoheroh.  Crin.  Carb.  Belg.,  p.  182,  PI. 
5,  fig.  7.     Upper  part  of  Mountain  limestone.    Toumaj,  Belgium. 

(?)  1838.  PI.  armatiu  MUnster.  Beitr.  sur  Petref.,  vol.  i.  MounUin  limestone  (?). 
Toumaj,  Belgium  (?). 

1858.  PI.  AutUnUumi  De  Koninek  and  Lehon.f     Reoheroh.  Crin.  Carb.  Belg.,  p. 
169,  PI.  5,  figs.  8  a,  b.    Mountain  limestone.    Toumaj,  Belgium. 
Syn.  PI.  trigintidMtyliii  Aust.  (in  part).    Mon.  Ree.  and  Foss.  Crin.,  PI.  3, 
fig.  1  a  (not  fig.  1  b-g). 

1875.  n.  bedford«Biia  Hall.  Oeol.  Surr.  Ohio,  Pal.  ii,  p.  161,  PI.  IS,  fig.  4.  Brie 
Shale,  Warerlj  Or.     Bedford,  Ohio. 

1872..  PL  boBoeuia  White.  Proo.  Acad.  Nat.  Sci.  Phila.,  p.  80;  also  1880,  Haj- 
den's  U.  8.  Geol.  Surr.  Inrert.  Pal.,  No.  8,  p.  160,  PI.  40,  fig.  5  a.  Lower 
part  of  Keokuk  limestone.    Lawrence  and  Flojd  Co.,  Ind. 

1861.  PI  breTimodu  Hall.  Desc.  New  Sp.  Crin.,  p.  4;  also  Bost.  Jour.  Nat  Hist, 
p.  286 ;  separate  photog.  plate  2,  fig.  5.     Keokuk  limestone.    Keokuk,  Iowa. 

1850.  PL  burliaftOMBiia  Ow.  and  8h.t     Jour.  Acad.  Nat.  ScL  Phila.  (new  ser.), 

ii,  pt.  i;  also  1852,  U.  S.  Geol.  Rep.  Iowa,  Wis.  and  Minn.,  p.  589,  PL  5  a, 

tg.  5.     Meek  and  Worthen,  1878,  Qeol.  Rep.  111.,  ▼,  p.  452,  PI.  8,  figs.  6  a, 

b,  c    Lower  Burlington  limestone.    Burlington,  Iowa. 

SjfH.  PL  •auertui  Hall.    1858,  QwA.  Rep.  Iowa,  i,  pt  ii,  p.  589.     IXeseribed 

from  a  joung  specimen. 
Sjfn.  PI.  inoraatiu  MeCheraej.    1860,  Desc.  New  PaL  Foss.,  p.  6 ;  also  PI. 
hurliagtoiieaiiB,  Chicago  Acad.  Sci.,  i,  p.  9,  PI.  4,  fig.  8. 

1861.  PI.  Mlyeuliu  Hall.  Desc.  New  Sp.  Crin.,  p.  16.  Burlington  limestose.  Bur- 
lington, Iowa,    Hall's  description  is  too  imperfect  for  identification. 


>  Iq  species  marked  f,  an  anal  tube  has  been  obeenred. 
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1861.  PI.  oanalionlatlU  Hall.f    Geol.  Rq).  Iowa,  i,  pt.  ii,  p.  539.      Upper  Burling- 

ton limf itoDe.     Burliogtoo,  Iowa. 
1858.  PI  eavns  Hall.    (Pleuroorious)  Geol.  Rep.,  Iowa,  i,  pt.  ii,  p.  527,  PI.  8,  figv.  I 

a,  b.     Upper  Burlington  limestone.     Burlington,  Iowa. 
1836.  PI.  oontrMtTlB  Phillips  (Gilbertson).     Geol.  Yorkshire,  p.  204,  PI.  3,  fig.  25. 

MoCoj,  1844,  Carb.  Foes.  Ireland,  p.   175 ;  D'Orbigny,  1849,  ProUr.,  i,  p. 

156.     Mountain  limestone.     Ireland  and  England. 
1863.  PI.  oontritllB  Hall.      17th  Rep.  N.  Y.  St.  Cab.,  p.  54;  also  Geol.  Rep.  Ohio, 

Pal.  ii,  p.  166,  PI.  11,  fig.  4.     Waverlj  Gr.     Richfield,  Ohio. 
185P.  PL  eormgatlU  Ow.  and  Sh,  (Pleuroorinus).      Jour.   Aoad.  Nat.  Sci.  Phila. 

(new  ser.),  ii,  pt.  i ;  also  1852,  U.  S.  Geol.  Surr.  Iowa,  Wis.  and  Minn.,  p.  589, 

PI.  5  a,  figs.  2  a-e.     Lower  Burlington  limestone.     Burlington,  Iowa. 
Syn.  PI.  BtriobrMhiatiU  Hall.     1861,  Desc.  New  Sp.  Grin.,  p.  4;  alvo  Host. 

Jour.  Nat.  Hist.,  p.  287,  separate  photogr.  plate  2,  figs.  2,  3. 

1849.  PI.  diadema  McCoy.    Ann.  and  Mag.  Nat.  Hist.  (ser.  2),  iii,  p.  246.    Mount 

limest.     North  Ireland. 

1850.  PL  diseoidtm  Ow.  and  Sh.      (PlenrooriniiB)  Jour.  Acad.   Nat  Sci.  Phila. 

(new  ser.),  vol.  ii,  pt.  i;  also  1852,  U.  S.  Geol.  Sury.  Iowa,  Wise,  and  Minn., 
p.  588,  PI.  5  a,  figs.  1  a,  b  (not  PI.  dlBcoideilB  Hall,  Geol.  Rep.  Iowa,  i,  pt. 
ii,  PI.  8,  figs.  8  a,  b  =  Encladoer,  pUurorimenu§  White).  Lower  Burling- 
ton limest.     Burlington,  Iowa. 

S^.  PL  mnltibrMhiatiiB  Meek  and  Worthen.  1861,  Proe.  Acad.  Nat.  Sci. 
Phila.,  p.  134. 

S^n.  PL  exeaTatna  Hall.  1861,  Desc.  New  Sp.  Crin.,  p.  7 ;  also  Bost.  Jour. 
Nat.  Hist.,  p.  286. 

1862.  PI.  eborioenB  Hall.     15th  Rep.  N.  Y.  St.  Cab.,  p.  119,  separate  photog.  PI.  1, 

figs.  16,  17;  Bigsby,  1878,  Hexaer.  eboraoenB.    Thesaurus  Devon.,  p.  18. 

Hamilton  Gr.     Livingstone  Co.,  N.  York. 
1861.  PI.  olegani  Hall.f    Desc.  New  Sp.  Crin.,  p.  4;  also  Bost.  Jour.  Nat.  Hist.,  p. 

285.     Upper  Burlington  limest.     Burlington,  Iowa. 
1836.  PI.  elliptioilB  Phillips.     Geol.  Yorkshire,  p.  204,  PI.  3,  fig.  19  (not  fig.  21). 

D'Orbigny,  1849,  Prodr.  i,  p.  156.     Mount,  limest.     Bolland,  England. 
Probably  synonym  of  PL  g^tnnlataB  Miller. 

1861.  PI.  eminnlllB  Hall.     Desc.  New  Sp.  Crin.,  p.  17.     Lower  Burlington  limest. 

Burlington,  Iowa. 

1862.  PI.  orieniiB  Hall.     15th  Rep.  N.  Y.  St.  Cab.,  p.  119.     Hamilton  Gr.     Erie  Co., 

New  York. 
This  is  the  only  species  in  which  three  radials  hare  been  observed,  the  upper 
evidently  forming  a  syzygi*  m.     It  may  possibly  belong  to  Cordyloorinat. 
1844.  PI.   ezpanfUB   McCoy.     Carb.    Foss.    Ireland,   p.    175,    PI.   25,   figd.    18,   19; 
D'Orbigny,  1849,  Prodr,  i,  p.  156;  Roemer,  1855,  Leth&a  Gcogn.  (Ausg.  3), 
1st  Periode,  p.  245,  PI.  4^  figs.  14  a,  b.     Mount,  limest.     Ireland. 

1860.  PI.  Georgii  Hall.     Sup.  Geol.  Rep.  Iowa,  p.  82,  PI.  1,  fig.  7.      Warsaw  limest. 

Warsaw,  111. 
1836.  PI.  gigaa  Gilbertson  (Phillips).     Geol.  of  Yorkshire,  p.  204,  PI.  3,  figs.  22,  23 ; 
Austin,  1842,   Ann.  and  Mag.  Nat.  Hist.,  x,  p.  108;  also  1843,  Mon.  Rec. 
and  Foss.  Crin.,  p.  39,  PI.  4,  figs.  1  a-c.     Mount,  limest.     Bollatd,  England. 

1861.  PL  glyptat  Hall  (Plenroorinnt).    Desc.  New  Sps.  Crin.,  p.  16.     Upper  Bur- 

lington  limest.     Builington,  Iowa. 
A  mere  variety  of  FL  lenlptuB  Hall. 


246  PBOGSEDINQS  OF  THE   ACADEMY  OF  [1881. 

1853.  PI.  graaoBas  De  Koninok  and  Lehon  (Pl«iirooriniii).    Reeher.  Crin.  Carb. 

B®lg'»  P'  183,  PI.  6f  figs.  6  a-i.     Mount,  limest.     Toumaj,  Belgium. 
1821.  PL  granulatas  Miller.    lIiBt.  Grinoidea,  p.  81,  PI.  4,  figf.  1-3;  Schlotheim, 

1822,  Nachtr.  zur  Petref.,  i,  p.  86;  Ibid,  ii,  p.  97,  PI.  26,  fig«.  3  a,  b,  c; 
Blainville,  1830,  Diet,  des  Soi.  Nat.,  Ix,  p  243;  Agassis,  1835,  Mem.  de  la 
Soc.  dei  Sci.  de  Neuohatel,  i,  p.  197 ;  De  Koninck,  1842,  Deso.  Anim.  Foss. 
Carb.  de  Belg.,  p.  43,  PI.  F,  figs.  2  a,  b;  Portlook,  1843,  Geol.  of  London- 
derrj,  p.  350,  PI.  16,  fig.  4;  Austin,  1843,  Mon.  Rec.  and  Fobs.  Crin.,  p.  33, 
PI.  3,  figs.  2  i-o;  McCoy,  1844,  Carb.  Foss.  Ireland,  p.  176;  De  Koninck  and 
Lehon,  1853,  Reoherch.  Crin.  Carb.  Belg.,  p.  179,  PI.  6,  figs.  5  a-b.  Mount, 
limest.     England,  Ireland  and  Belgium. 

1863.  PL  graphiont  Hall.  17th  Rep.  N.  Y.  St.  Cab.,  p.  55;  also  1875,  Geol.  Surr. 
Ohio,  Pal.  ii,  p.  166,  PI.  11,  fig.  2.     Waverlj  Gr.     Richfield,  Ohio. 

1H65.  PL  Halli  Shumard  (Plearoorinut).  Catal.  Pal.  Foes.  North  America,  p.  388 
(Trans.  Acad.  6ci.  St.  Louis,  vol.  ii).  Upper  Burlington  limest.  Burling- 
ton, Iowa. 
This  species  was  at  first  described  and  figured  by  Hall  as  PI.  plmniu  Ow.  and 
Sh.,  Geol.  Rep.  Iowa,  i,  pt.  ii,  p.  533,  PI.  8,  figs.  6  a,  b.  It  resembles  PL  in- 
OOmptaB  White,  in  form  and  lack  of  ornamentation,  but  the  latter  has  six, 
or  exceptionally  seven  to  eight  arms  to  each  ray,  while  PL  Halli  has  twelve 
or  even  sixteen  arms  to  the  ray. 
Stfn,  PI.  olla  Hall  (not  De  Kon.  and  Lehon).     Desc  New  Sp.  Crin.,  p.  16. 

1873.  PL  Haydeni  Meek.  Hayden's  U.  S.  Geol.  Surv.  for  1872,  p.  469;  also  White, 
Ann.  Rep.  U.  S.  Geol.  Surv.  Terr,  for  1878,  p.  122,  PI.  33,  fig.  7  a.  Sub- 
oarboniforous. 

1865.  PL  hemiipheriout  Meek  and  Worthen  (Plenroorinm).  Proc.  Acad.  Nat. 
Sci.  Phila.,  p.  162 ;  also  Geol.  Rep.  111.,  iii,  p.  466,  PI.  16,  fig.  9,  and  vol.  v, 
p.  16,  figs.  6  a,  b,  0.  Keokuk  limest.  Crawfordsville,  Ind.;  also  Burlington 
and  Keokuk  Transition  beds  at  Burlington  and  Nauvoo. 

1863.  PL  ixLOOmptaB  White.  Bost.  Jour.  Nat.  Hist.,  vii,  p.  503;  also  Meek  and 
Worth.,  1873,  Geol.  Rep.  111.,  v,  p.  459,  PL  3,  fig.  7.  Upper  Burlington 
limest.     Burlington,  Iowa. 

1836.  PL  laoiniatnB  Gilbertson  (Phillips).  Geol.  of  Yorkshire,  p.  204,  PL  3,  fig.  18; 
Austin,  1843,  Ann.  and  Mag.  Nat.  Hist.,  x,  p.  109,  and  Mon.  Rec.  and  Foss. 
Crin.,  p.  42,  PI.  5,  figs.  1  a-o;  D'Orbigny,  1849,  Prodr  i,  p.  156.  Mount, 
limest,     Bolland,  England. 

1821.  PL  IflDyit  Miller.f  Hist.  Crinoidea,  p.  74,  PI.  1,  fig.  1-9,  and  13-18,  and  PL  2, 
figs.  1-4,  and  52-56  (the  other  figures  have  been  referred  by  De  Konin  k  to 
several  other  species).     Schlotbeim,  1822,  Nachtr.  zur  Petref.,  i,  p.  84 ;  Ibid., 

1823,  vol.  ii,  p.  94,  PI.  25,  figs.  4  a  and  4  e;  Goldfuss,  1833,  Petref.  Germ.,  i, 
p.  188,  PI.  58,  fig«.  2  a-e;  Blainville,  1834,  Manuel  de  Actinacr.,  p.  262; 
Agassiz,  1835,  Mem.  Soc.  de  Neuohatel,  p.  197 ;  Bronn,  1835,  Lerbspa  Geogn., 
i,  p.  60;  Milne-Edwards,  1836,  Anim.  s.  vert,  de  Lamarck,  ii,  p.  665;  De 
Koninck,  1842,  Desc.  Anim.  Carb.  de  Belgique,  p.  41,  PI.  F,  fig.  1  c  and  e 
(the  others  excluded);  Austin,  1843,  Monog.  Rec.  and  Fobs.  Crin.,  p.  8,  PI.  1, 
figs,  la-n;  McCoy,  1844,  Syn.  Carb.  Foss.  Ireland,  p.  176;  Pict^t,  1846, 
Traite  de  Pa)6ont.,  iv,  p.  200,  PL  9,  fig.  18.  Mountain  limest.  England, 
Ireland  and  Belgium. 

1875.  PL  lodexLBit  Hall.  Geol.  Surv.  Ohio,  Pal.  ii,  p.  168,  PL  11,  fig.  3.  Waverly 
Gr.     Medina  Co.,  Ohio. 
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1849.  PI.  m^gaatylns  McCoj.     Ann.  and  Mag.  Nat.  Hist.  (Ber.  li),  p.  24S.    Muunt. 

limojit.     Bolland,  Eng. 
1830.  PI.  myAroitylm  Phillips.    Ocol.  of  Yorkshire,  p.  204  ;  Austin,  1842,  Ann.  and 

Mag.  Nat.  Hist.,  x,  p.  109.     Mount,  limest.     liulland,  England. 
1842.  PI.  mnoroiiatat  Austin.     (Figured  bj  Phillips  as  PL  IflDYiB,  <>eol.  Yorkshire, 

PI.  3,  figs.  14,  15.)     Ann.  and  Mag.  Nat.  Hist.,  x,  p.  109,  and  xi,  p.  199; 

also  1843,  Mon.  Rec.  and  Foss.  Crin.,  p.  22,  PI.  2,  fig.  1,  and  PI.  5,  fig.  2. 

8ubcarbonifcrous.     England. 
1853.  PI.  XallerUnut  Do  Kon.  and  Lch.f    Rccher.  Crin.  Carb.  Bclg.,  p.  171,  PI.  5, 

figs.  4  a,  b,  c,  d.     Mount,  limest.     Tournay,  Belgium. 
1865.  PI.  niotoXUlB  Meek  and  Worthen.     Proc.  Acad.  Nat.  Soi.  Phila ,  p.  162;  also 

(}eol.  Rep.  III.,  p.  513,  PI.  20,  fig.  3.     Keokuk  liuiest.    Niota  und  Nauvoo,  111. 
1858.  PI.  noduloint  Hall  (not  Ooldfuss,  1833  =  Sifmbathoerinu*).     (leol.  Rep.  Iowa, 

pt.  ii,  p.  541.     Lower  Burlington  limest.     Burlington,  Iowa. 
1858.  PL  nodobrMhiatas  Hall  (not  Hall,  1861).    Oeol.  Rep.  Iowa,  i,  pt.  ii,  p.  542. 

Burlington  limest.     Burlington,  Iowa. 
Described  from  a  young  specimen,  probably  of  PL  amerioannB. 
1858.  PI.  naoleiformiB  Hall.    (PleiiroeriniiB.)    Ueol.  Rep.  Iowa,  i,  pt.  ii,  p.  540. 

Lower  Burlington  limest.     Burlington,  Iowa. 
1853.  PL  olla  De  Kon.  and   Leh.  (not   PL  olla   Hall,    1861  -.     PI.    Halli  Shum.). 

Recher.  Crin.  Cab.  Belg.,  p.  172,  PI.  5,  fig.  5.     Mount.  lime:>t.     Tournay, 

Belgium. 
1844.  PL  omatat  MeCoy  (not  PL  omatiiB  Goldfuss,  18:i3  =  Hfxncrinut),    Carb. 

Fos«.  Ireland,  p.  176,  PI.  25,  fig.  1.    D'Orbigny,  Edwardfloorinat  ornatnj, 

1849.  Pn>dr.  i,  p.  157  :  also  Course  Eltlm.  ii,  p.  145  ;  PL  omatat  De  Kon. 

and  Leh.,   1853,  Recher.  Crin.  Carb.   Belg.,  p.   177,  PI.  6,  figs.  4  a,  b,  o; 

Pictet,  Edwardfloer.  ornatna,  1867.  Trait6  de  Pal.  ir,  p.  330,  PI.  101,  fig. 

15.     Mount,  limest.     Ireland,  and  Toumay,  Belg. 
This  is  evidently  a  young  Platyoxinni,  with  the  arms  Oji  yet  in  an  immature 

or  embryonic  state. 

1860.  PL  omig^anuleB  McChesney.     Desc.  New  Pal.  Foss.,  p.  5 ;  also  Chicago  Acad. 

Soi.,  i,  p.  3,  PI.  5,  fig.  8.     Lower  Burlington  limest.     Burlington,  Iowa. 

1861.  PL  parvinodnt  Hall.     Desc.  New  Sp.  Crin.,  p.  17.     Lower  BuHington  limest. 

Burlington,  Iowa. 
1865.  PL  panralllB  Meek  and  Worthen.     Proc.  Acad.  Nat.  Soi.  Phila.,  p.  163 ;  Gool. 

Rep.  111.,  V,  p  555,  PI.  20,  fig.  7.     Chester  limest.     Pope  Co.,  111. 
1860.  PL  penioHlnt  Meek  and  Worthen.     Proc.  Acad.  Nut.  Sci.  Phila.,  p.  380 ;  also 

(leol.  Rep.  111.,  ii,  p.  266,  PI.  19,  figs.  6  a,  b.     Warsaw   limest.      Hardin 

Co.,  111. 
1865.  PI.  peraBper  Shumard.     Catal.  Pal.  Foss.  N.  A.,  p.  389.     Lower  Burlington 

limest.     Burlington,  Iowa. 
SyH,  PL  nodobraohiataB  Hall,  1861  (not  Hall,  1858).     Desc.  New  Sp.  Crin., 

p.  17. 
1889.  PL  pileatiiB  Ooldf.     (PlenroerinuB.)  Acta  Not.  ac.  Leop.,  xix,  p.  343.  PI.  31, 

fig.  7,  a,  b,  o;  Qeinitz,  (Irundr.  dcr  Versteiner.,  PI.  23,  fig.  7;  MeCoy,  1851, 

Brit.  Pal.  Foss.,  Pt.  ii,  p.  119;  De  Kon.  and  Leh.,  IS53,  Kcoh.  Crin.  Carb. 

Belg.,  p.  175,  PI.  6,  figs.  3  a-e.     Mount  limest.     England  and  Belg. 
<S>ii.  PL  aathleontoB  Austin,  1842.     Ann.  and  Mag.  Nat.  Hist.,  x,  p.  69,  and 

xi,  p.  199;  Mon.  Rcc.  and  Foss.  Crin.,  p.  27,  PI.  2,  figs.  3  k-r. 
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1858.  PI.  piloiformii  Hall.  (PUnrooriniiB.)  Geol.  Rep.  Iowa,  i,  Ft.  ii,  p.  529,  PI.  8, 
figs.  3  a,  b,  0.  Lower  Burlington  limest.  Burlington,  Iowa.  This  species 
is  easily  distinguished  from  the  other  species  with  smooth  plates,  by  haying 
only  four  arms  to  the  ray. 

1850.  PL  plaant  Ow.  and  Sh.  Jour.  Acad.  Nat.  Sci.  Phila.  (Ser.  ii),  toI.  ii,  p.  57  ; 
also,  1852,  XJ.  S.  Oeol.  Surv.  Iowa,  Wis.  and  Minn.,  p.  587,  PL  5  ▲,  figs.  4  a, 
0  (not  b,  nor  Geol.  Rep.  111.,  iii,  PL  16,  fig.  6,  which  are  both  PI.  Prattoni 
Worthen;  nor  Geol.  Rep.  Iowa,  i,  Pt.  ii,  PI.  8,  figs.  8  a,  b,  which  are  PL 
Ealli  Shum.);  Geol.  Rep.  111.,  v,  PL  3,  fig.  5.  Lower  Burlington  limcsL 
Burlington,  Iowa. 

1860.  PL  ploou  Meek  and  Worthen.  Proc.  Acad.  Nat.  ScL  Phila.,  p.  380 ;  also 
Geol.  Rep.  HI.,  ii,  p.  267,  PL  20,  fig.  3.    Warsaw  limest.    Hardin  Co.,  111. 

1858.  PL  poeilliformii  Hall.    (Pleuroorinnt.)    Geol.  Rep.  Iowa,  i,  Pt.  ii,  p.  528, 
PI.  8,  figs.  2  a,  b.     Lower  Burlington  limest.     Burlington,  Iowa, 
Sjfn.  PL  ▼•rrneOBUt  White,  1863.    Bost.  Jour.  Nat.  Hist.,  p.  502. 

1878.  PI  prsD&iintiafl  Wachsm.  and  Spr.  Proc.  Acad.  Nat.  ScL  Phila.,  p.  249,  PL 
2,  figs.  1,  2.     Upper  Burlington  limest.    Burlington,  Iowa. 

1860.  PL  Prattonaniu  Meek  and  Worthen.  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  379 ; 
also  GeoL  Rep.  HI,  ii,  p.  264,  PL  20,  fig.  2.  St.  Louis  limest.  Randolph 
Co.,  111. 

1860.  PI.  Prattoni  Worthen.  Trans.  Acad.  Sci.  St.  Louts,  p.  569;  Meek  and 
Worthen,  PL  planiiB.  Qcol.  Rep.  111.,  iii,  p.  469,  PI.  16,  fig.  6.  Lower  Bur- 
lington limest.  Burlington,  Iowa. 
Meek  did  not  consider  PI.  Prattoni  distinct  from  PL  plannSt  and  Owen  and 
Shumard  seem  to  have  been  of  the  same  opinion,  for  they  figure  in  the  U.  S. 
Rep.  Iowa,  Wis.  and  Minn.,  PL  5  A,  fig.  46  (not  4  a,  e)  a  specimen,  evidently 
of  the  former  type,  under  the  latter  name. 

1860.  PL  pnmilut  Hall.     Supp.  Geol.   Rep.   Iowa,  p.  82,  PL  1,  fig.  6.    Warsaw 

limest.     Warsaw,  111. 
1844.  PL  pnnotatnB  McCoy.       Carb.  Fobs.   Ireland,  p.  177,  PL  25,  figs.  15,  17. 

Mount,  limest.     Ireland. 
1862.  PI.  qninqaenodns  White.    (Plenroorinni.)  Proc.  Bost.  Soc.  Nat.  Hist.,  ix,  p. 

18.     Upper  Burlington  limest.    Burlington,  Iowa. 

1861.  PL  regaliB  Hall.     Deso.  New  Sp.  Crin.,  p.  16,  Separate  Photog.  Plate  2,  fig. 

6.     Lower  Burlington  limesL     Burlington,  Iowa. 
Si/n,  PL  Owoni  Meek  and  Worthen,  1861.     Proc.  Philad.  Acad.,  p.  129. 
1875.    PL  riohfleldaniis  Hall.      Geol.  Rep.  Ohio,  Pal.  ii,  p.  167,  PL  11,  fig.  4. 

Waverly  gr.    Richfield,  0. 
1821.  PL  ragOBU  Miller  (not  Goldf.  =  Storth\ngoerinu9    Schultse).       Hist.  Cri- 

noidea,  p.  79,  with  pUte.     Figured  by  Cumberland  in  Trans.  Geol.  Soc,  vol. 

V,  PI.  5,  fig.  10;    Phillips,  1836,  Gool.  of  Yorkshire,  p.  204,  PI.  2,  fig.  29; 

Austin,  1842,  Ann.  and  Mag.  Nat.  Hist,  x,  p.  109;  Blainville,  1843,  Man. 

d'Aetin.,  PL  29,  fig.  4 ;  Austin,  1843,  Mon.  Rcc.  and  Foss.  Crin.,  p.  40,  PI. 

4,  figs.  2d-k;  McCoy,  1844,  Carb.  Foss.  Ireland,  p.  177.     Mount,  limest. 

Caldy  Island,  Wales,  also  Mendip  Hills,  England. 
1858.  PI.  Saffordi  Hall.    Geol.  Rep.  Iowa,  i,  Pt.  ii,  p.  634,  PI.  18,  figs.  5,  6.    Lower 

part  Keokuk  limest.    Nauvoo  and  Hamilton,  111.,  and  Keokuk,  luwa.    Prob- 
ably Syn.  of  PI.  BonlptnB. 
1858.  PI.  8ar»  Hall.    Geol.  Rep.  Iowa,  i,  Pt.  ii,  p.  673,  PL  17,  fig.  4.    St.  Louis 

limest.    St.  Louis,  Mo. 
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1861.  PI.  MobilU  Meek  and  Wortheo.     Proo    Aoad    Nat.  Soi.  Phila.,  p.  129 ;   also 

OeoL  Rep.  lU.,  iii,  p.  466,  PI.  16,  fig.  9.     Lower  Barlington  limest.     Bar- 

lington,  Iowa. 
Sjfn.  PI.  olytiB  Hall,  1861.    Boat.  Jour.  Nat.  Hist.,  p.  285,  Separate  photogr. 

plates,  i,  fig.  4. 
1868.  PI.  teulptut  Hall.    Geol.  Rep.  Iowa,  i,  Pt.  ii,  p.  536,  PI.  8,  fig.  11.     LoWer 

Borlington  liroest.     Burlington,  Iowa. 
1858.  PL  Shnourdiaiini  Hall.    Qeol.  Rep.  Iowa,  i,  Pt.  ii,   p.  532,  PI.  8,  fig.  5. 

Lower  Burlington  limest.     Burlington,  Iowa. 
1844.  PI.  Bimilif  MoCoj.     Carb.  Fobs.  Ireland,  p.  177,  PI.  26,  fig.  6;  D'Orbigny, 

Prodr.  i,  p.  166.     Mount,  limest.     Ireland. 
1842.  PI.  BpinoBU  Aust.t    Ann.  and  Mag.  Nat.  Hist.,  x,  p.  109,  and  zi,   p.  199; 

also  Mon.  Rec.  and  Foss.  Grin.,  p.  19,  PI.  i,  figs.  2  k,  o,  p,  q,  r,  s  ;  Do  Kon. 

and  Leh.,  1863,  Recb.  Crin.  Carb.  Belg.,  p.  165,  PI.  6,  fig.  2  a,  b.     Mount 

limest.     Mendip  Hills,  Eng.,  and  Toumaj,  Belg. 
SifH,  EngeniMiinitoB  (1)  bexagoniiB  MUnster,  1839.     Beitr.  z.  Petref.  i,  p.  4, 

PI.  1,  figs.  6  a,  b;  De  Kon.  1842,  Desc.  Anim.  Foss.  Carb.  Belg.,  p.  39,  PI. 

Ey  figs.  6  a,  b,  c. 
iS^N.  PI.  IttTit  (in  part)  Miller.  1821,  Hist.  Crin.,  p.  74,  PI.  1,  fig.  4  (not  the 

other  figures). 
1821.  PL  BtrUtOB  Miller.     Hist.  Crin.,  p.  82;    Agassis,  1835,     Mem.  Soo.  des  Soi. 

Nat.,  Neuchat.  i,  p.  196;    Austin,  1842,  Ann.  and  Mag.  Nat.  Hist.,  x,  p. 

109;    Blainville,  1834,  Man.  d'Act,  p.  262;    De  Kon..    1842,  Dcsc.  Anim. 

Foss.  Carb.  Belg.,  p.  44;  Milne-Edwards  apud  Lamarck,  ii,  p.  666;  Austin, 

1843,  Mon.  Reo.  and  Foss.  Crin.,  p.  37,  PI.  3,  figs.  3  p-u.     Mount,  limest. 

Bristol,  Engl. 
1868.  PI.  BabBpinoBUl    Hall.     Oeol.  Rep.  Iowa,  i,  Pt.  ii,  p.  536,  PI.  8,  figs.  9,  10; 

Meek  and  Worthen,  1866.    PL  (PlenrooriniiB)  Babipinoint,  Geol.  Rep. 

111.,  ii,  p.  173,  PI.  15,  fig.  6,  and  toI.  v,  PI.  11,  fig.  2.     Lower  Burlington 

limest.     Burlington,  Iowa. 
1860.  PL  tabBpinilloBilB  Hall.    Supp.  Geol.  Kep.  Iowa,  p.  81.     Upper  Burlington 

limest.    Burlington,  Iowa. 
Sgn,  Diobocrinnt  UebrymoBiiB  Hall,  1860.    Supl.  Iowa  Rep.,  p.  84. 
1866.  PI.  tomiibraohiataB  Meek  and  Worth.    Proc.  Acad.  Nat.  Sci.  Phila.,  p.  168; 

also  Geol.  Rep.  111.,  ▼,  p.  450,  PI.  3,  fig.  4.     Upper  Burlington  limest.     Bur- 
lington, Iowa. 
1S43.  PL  trigintidaotylnB  Austin  (PloiLroerinuB).    Ann.  and  Mag.  Nat.  II  int.,  x, 

p.  69;  also  1844,  Mon.  Reo.  and  Foss.  Crin.,  p.  30,  PI.  3,  figs.  1  h-h  (not  a 

=B  PL  au§tinianu*).     Mount,  limest.     Bristol,  Eng.  and  Tournay,  Belg. 
Syn.  PL  trimoontadaetylllB  McCoj.     1844,  Carb.  Foss.  Ireland,  p.  177,  PI.  26, 

figs.  2-7. 
1868.  PI.  tmnoatQlnB  Hall.     Geol.  Rep.  Iowa,  i,  pt.  ii,  p.  538.     Lower  Burlington 

limest.     Burlington,  Iowa. 
1821.  PI.  tubtroulatiiB  Miller.— PlourooriniiB—( not  P.  tabarenlatiui   Phillips  = 

Htxacrinut),     Hist.  Crin.,  p.  81,  figs.  1,  2 ;    Sohlotheim,  1822,  Nachtr.  s. 

Petref.  i,  p.  85,  and  1823,  lb.  ii,  p.  97,  PI.  26,  figs.  2  a-b ;  Agassis,  1835, 

Mem.  de  la  Soo.  Nat.  Soi.  Neuchat.,  i,  p.  197.     Mount,  limest.     Mendip 

Hills,  Eng.,  and  Tournay,  Belg. 
5ya.  PI.  •lUptioilB  (in  part)  Phillips.     Geol.  Yorkshire,  ii,  PI.  3,  fig.  19  (not 
21);  also  Austin,  Mon.  Rec.  and  Foss.  Crin,  PI.  4,  figs.  3,  p  to  u;  McCoy, 

Carb.  Foss.  Ireland,  p.  177. 


250  PBOOEEDINOS  OF  THE  ACADEMY   OF  [1881. 

1868.  PI.  tuberOBUl  Hall.  Oeol.  Rep.  Iowa,  i,  pt  ii,  p.  634,  PI.  8,  tgB.  7  a,  b ;  Meek 
and  Worth.,  1866,  Plouroor.  tnbaroBaB,  Geol.  Rep.  111.,  ii,  p.  172.  Upper 
Burlington  Umest.    Burlington,  Iowa. 

1849.  PI.  Tetioalns  MoCoy.    Ann.  and   Mag.  Nat.  Hist.,   p.  246.     Mount,  limest. 

Derbyshire,  Eng. 
1876  (?).  PL  Texabilit  White.    Wheeler's  U.  S.  Surrey,  West  of  100th  merid.,   ir, 

Pol.  p.  81,  PI.  V,  fig.  2.     We  doubt  if  this  is  a  Platyorinus. 
1858.  PI.  Wortheni  Hall.     <2eol.  Rep.  Iowa,  i,  pt.  ii,  p.  530,  PI.  8,  fig.  4.     Burlington 

limest.     Burlington,  Iowa. 

1850.  PI.  Tandelli  Ow.  and  Sh.     Jour.  Acad.  Nat.  8oi.  Phila.  (new  ser.),  ii,  pt.  i : 

also  U.  S.  Geol.  Surv.  Iowa,  Wise,  and  Minn.,  p.  587,  PI.  5  A,  figs.  6  a,  b. 
Lower  Burlington  limest.     Burlington,  Iowa. 

Subgenus  EUCLAD0CRIKTT8  Meek. 

1871.  Meek.     Hayden's  Rep.  U.  8.  Surv.  of  Terr.,  p.  373. 
1878.  Wacham.  and  Spr.    Proc.  Acad.  Nat.  Sci.  Pbila.,  p.  243. 

Syn.  Platycrinus  White,  in  part,     Proc.  Bost.  Soc.  Nat.  Ilist.,  p.  17. 

The  name  Eucladocrinus  was  proposed  by  Meek  in  1871 
(Hayden's  Rep.  U.  S.  Survey  of  the  Territories,  p.  373)  to  desig- 
nate a  subgeneric  group  under  Plafycrinica^  of  wliich  PL  pleura- 
viminus  White  is  the  type. 

In  the  structure  of  the  calyx,  this  form  presents  no  apparent 
difference  from  Platycrinus,  and  it  embnices  species  with  a  low, 
broad  cup  shaped,  and  with  an  elongate  body.  It  is  characterized, 
however,  by  having  the  radial  series  of  the  bodj',  both  dorsal  and 
ventral,  greatly  extended  in  the  form  of  tubular  free  rays,  which 
bear  the  arms  alternately  on  either  side  throughout  their  entire 
length.  These  rays,  in  all  the  known  species,  divide  on  the  second 
radial  into  two  branches,  which  remain  joined  by  their  inner  sides 
for  the  length  of  three  or  four  plates,  after  which  thc}^  become 
free,  giving  two  free  branches  to  each  ray,  or  ten  in  all.  A  tubular 
passage,  arched  over  by  the  extensions  of  the  vault,  runs  the  whole 
length  of  the  rays,  and  these  tubes,  after  uniting  on  the  inside  ol 
the  second  radial,  connect  with  tlie  visceral  cavity. 

The  arms  are  composed  of  a  double  series  of  interlocking 
joints,  and  bear  slender,  single-jointed  pinnules. 

This  type  bears  the  same  relation  to  Platycrinus  that  Stegano- 
crinus  does  to  Actinocrinus,  and  Melocrinus  to  Maria crinus : 
and  the  two  are  wavy  closely  connected  by  transition  forms  such 
as  PL  prsenuntius^  in  which  the  free  ray  structure  is  clearly  begun, 
the  radial  areas  being  produced  to  the  extent  of  ten  or  twelve 
plates. 
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The  subgenus  evidently  represents  the  mature  and  extreme 
form  of  the  Plafycrifioid  type. 

Oeographical  Position^  etc. — Found  as  yet  only  in  the  Subcar- 
boniferous  of  America,  where  the  following  species  are  known  : — 

1S78.  Euoladoorinni  millobraohiatai  Wachsm.  and  Spr.    Proc.  Acad.  Nat.  Sci. 

Phila.,  p.  246.     Upper  Hurlin/^ton  and  Keokuk  Transition  bed,  an  I  lower 

part  of  the  Keokuk  limest.     Burlin^^ton,  Iowa,  Nauvoo  and  Niota,  III. 
1871.  EnoUdoor.  montailMn*!!  Meek.     Ilayden's  Geol.  Rep.  V.  S.  Surv.  Terr.,  p. 

373.     Suboarb.     Montana. 
1862.  EnoUdoor.  ploaroviminm  White  (Platycr.  plenroviminai).    Type  of  the 

subgenus.     Proc.  Boat.  Sac.  Nat.  Hisr.,  ix,  p.  17;  Meek,  1870,  Am.  Jour. 

Sci.  and  Arts;  Waohsin.  and  Spr.,  1878,  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  249. 

Upper  BurliDj^ton  limest.     Burlington,  Iowa. 

6.  (?)  COTTLEDOKOCRINTTS  Cai>8eday  and  Ljou. 

1860.  Casseday  and  LyoQ.     Proc.  Acad.  Arts  and  Scl.,  v,  p.  20. 

1865.  Shumard.    Catal.  Pal.  Foss.  N.  A.  Trans.  St.  Louis  Acad.,  ii,  p.  360. 

1877.  8.  A.  Miller.    Catal.  Am.  Pal.  Foss.,  p.  74. 

1879.  Zittel;    {DvchoerinuB. )    Handb.  d.  Pal.,  i,  p  365. 

Casseday  and  Lyon  proposed  the  above  name  for  a  crinoid 
which  agrees  in  every  respect  with  Dk-hocrinus,  except  that  it 
has  no  anal  plate  in  line  with  the  first  radials.  According  to 
the  description,  however,  there  is  a  deeper  notch  between  the 
radials  on  the  posterior  side,  and  the  question  arises  wliether  the 
type  specimen  was  not  an  abnormal  Dichocrinus  in  which  the  anal 
plate  was  wanting  or  imperfectly  developed.  The  notch  lies 
directly  in  line  with  one  end  of  the  suture  which  divides  the  basal 
disk,  and  hence  the  position  corresponds  to  that  of  tlie  anal  in 
Dichocrinus.  The  bipartite  base  itself  seems  to  indicate  that 
there  was  normally  a  sixth  plate  above,  for  otherwise,  according 
to  the  rule  we  have  found  to  prevail  among  these  Crinoids,  one 
plate  of  the  basal  disk  should  be  larger — while  they  are  said  to  be 
equal  in  this  form. 

As  described,  Cotyledonocrinus  agrees  essentially  in  the  form 
of  the  body  with  typical  species  of  Dichocrinus^  and  like  them 
has  three  primary  radials,  the  first  large  and  long,  the  two  others 
8mall  and  supporting  2X10  secondary  radials,  succeeding  radials 
forming  parts  of  the  free  rays.  There  is  a  single  interradial  in 
connection  with  the  first  radials,  two  interradial  plates  above  con- 
stitute a  part  of  the  vault. 

The  specimen  has  long  delicate  arms,  which  do  not  bifurcate, 
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and  which  give  off  long  pinnules,  composed  of  a  large  number  of 
short  joints. 

Column  cylindrical. 

Until  other  specimens  are  discovered,  we  must  consider  Cotyle- 
donocrinus  an  abnormal  form  of  Dichocrinun. 

Casseday  and  Lyons'  only  species  is : — 

I860.  CotyledonocrinaB  pentalobns.    Proo.  Amer.  Aoad.  Arta,  and  3ci.,  vol.  t,  p.  26. 
Warsaw  limest.     Grajson  Co.,  Kentucky. 

b,  Hbzacrinitks. 
7.  HEXACBIHTTS  Austin. 

1848.  Austin.    Mon.  Rec.  and  Foss.  Crin.,  p.  48. 

1858.  De  Ron.  and  Leh.    Rech.  Crin.  Garb.  Belg.,  p.  160. 

1855.  F.  Roemor.    Leth»a  Geogn.  (Ausg.  3,  Per.  1),  p.  244. 

1857.  Job.  Mailer.     Nene  Echin.  Eifl.  Ealk,  p.  85. 

1857.  Pictet.    Traits  de  Pal6ont.,  iv,  p.  881. 

1867.  Schultze.    Mon.  Echinod.  Eifi.  Ealk,  p.  71. 

1879.  Zittel.     Handb.  der  Pal»ontologie,  p.  865. 

Syn.  Hatyer,  Phil.,  1841  (not  1836).    Pal.  Foss.  Comw.,  p.  28. 

Syn.  Flatycr.  Goldf.  (in  part),  1838.    Nova  Acta.  Ac.  Leop.,  xiz, 
p.  343. 

Syn.  Platycr,  Agas.  (in  part),  1835.     Mem.  Soc.  Nench.,  i,  p.  197. 

Syn.  Platycr.  Aust.  (in  part),  1842.    Ann.  and  Mag.  Nat.  Hist.,  x, 
p.  109. 

Byn.  Platycr,  F.  A.  Roemer,  1843.    Verstein.  d.  Harzes. 

8yn.  Platycr,  F.  Roemer,  1851.     Verb,  natorb.  Verein  Rheinl.,  p. 
362. 

Byn.  Platycr.  D'Orbigny  (in  part),  1850.    Prodr.  Pal.,  i,  p.  103. 

Syn.  Platycr,  Lyon,  1860.    Trans.  Am.  Philos.  Soc.,  p.  459. 

Oeneric  Diagnosis, — Body  obconical,  pear-shaped  orsubglobose; 
surface  generally  elaborately  sculptured  or  nodose;  symmetry 
decidedly  bilateral. 

Basal  disk  large,  in  form  of  a  shallow  cup;  hexagonal ;  composed 
of  three  equal  plates.  Five  of  its  sides  support  a  first  radial 
each,  the  sixth  a  large  anal  plate,  which  extends  to  the  full  height 
of  the  first  radials.  Primary  radials  2X5,  the  first  very  large, 
apparently  quadrangular  but  actually  hexagonal;  increasing  in 
width  from  the  base  up ;  upper  margin  excavated.  Second  radials 
minute,  triangular,  rarely  filling  the  whole  excavation,  which 
generally  encloses  a  part  of  the  first  secondary  radials,  the  latter 
forming  the  base  of  two  free  appendages  to  each  ray.     The  fi-ee 
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rays  and  the  arms  proper  have  been  rarely  observed,  but  were 
apparently  constructed  like  those  of  Eucladocnnus,  In  Hexacr, 
limbatus,  the  free  raj's  attain  three  or  four  times  the  length  of 
the  body,  and  each  one  consists  of  a  row  of  short  C3'^lindrical 
joints,  which  give  off  laterally  pinnule  bearing  arms.  These 
arms  originate  on  every  fourth,  fifth  or  sixth  joint,  according  to 
position,  and  alternatel}'^  from  opposite  sides.  The  free  parts  of 
the  ray  in  Hexacr.  brevis^^  are  apparently  more  like  those  of 
Platycrin  us. 

Anal  plates  generally  narrower,  but  often  higher  than  the  first 
radials;  wider  towards  the  top  than  at  its  junction  with  the 
basals,  the  upper  side  supporting  two  or  three  plates.  Inter- 
radial  series  composed  of»a  single  large  plate,  which  i*ests  within 
a  notch  between  two  radials. 

Vault  low,  hemispherical,  more  or  less  flattened,  composed  of 
comparatively  few  and  large  pieces,  which  are  nodose,  or  covered 
with  a  number  of  small  tubercles.  Apical  dome  plates  large. 
Anus  subcentral  or  lateral;  in  form  of  a  simple  opening  through 
the  vault,  or  supported  b}'  a  small  tubercular  process  composed 
of  small  polygonal  pieces. 

Column  cylindrical,  the  larger  joints  nodose  or  sculptured  after 
the  8t3''le  of  the  plates  of  the  calyx ;  articulating  face  radicularly 
striated ;  central  canal  small,  round. 

Geological  Position y  etc. — Hexacrinus  is  strictly  a  Devonian 
genus,  and  almost  exclusively  European,  only  fragments  of  a 
single  species  having  been  discovered  in  America. 

The  following  species  have  been  described  : — 

1838.  HexMriniiB  anaglyptioiiB  Goldf.    (Platyer.  anaglyptfcTU.)     Nora  Acta  ae. 
Loop.,  zix,  p.  348,  PI.  32,  fig.  4;  Schaltze,  1867,  Hexior.  anaglyptioiiB^ 
Mon.  EchiD.  Eifl.  Kalk,  p.  72,  PI.  8,  fig.  1.     Devonian.     Eifcl,  Germany. 
Syn,  Platyor.  frondOBllB  Goldf.     Bonn  Museum,  undefined. 
8yn.  Platyor.  anaalatas  Goldf.     Bonn  Museum,  undefined. 
Syn.  Platyor.  mnrieataB  Goldf.     Bonn  Museum,  undefined. 
1867.  Hozaor.  baoea  SchuUze.     Mon.  Echin.  Eifl.  Kalk,  p.  83,  PI.  10,  fig.  5.    Devo- 
nian.    Eifel,  Germany. 
1888.  Eozaor.  brevlB  Goldf.    (Platyor.  brevlB.)     Nova  Acta  ac.  Leop.,  zix,  i,  p. 
346,  PI.  32,  fig.  2;  Sobultze,  1367,  Hezaor.  brOTifl,  Mon.  Ecbin.  Eifl.  Kalk, 
p.  79,  PI.  10,  fig.  7.     Devonian.     Eifel,  Germany. 


•^ 


*  We  believe  that  Hexacr.  brevis  Goldf.  (Mon.  Echin.  Eifl.  Kalk,  PI.  10, 
fif<.  7)  is  a  young  specimen  of  some  other  ppecies.  This  is  indicated  not 
only  by  its  small  size,  but  also  the  immature  character  of  the  arms  and 
column ;  it  may  even  represent  an  entirely  dififerent  genus. 


254  PROOEEDINQS  OF  THE  ACADEMY  OF  [1881. 

1843.  Hexftcr.  Bnohii  F.  A.  Roemor.    (PUtjer.  Bnehii.)    Ilartsgebirge,  p.  9,  PI. 

12,  fig.  13.     Devonian.     Ilarts,  Germany. 
1867.  Hezaer.  eallofni  Scbultie.     Mon.  Ecbin.  Eifel  Kalk,  p.  83,  PI.  9,  fig.  3. 

Devonian.     Eifel,  Germany. 
jSyn.  Platyer.  roiaeeilf  Goldf.  (not  Roemer  =  Coccocrinui),      Bonn  Maseam, 

undefined. 
1858.  Hexaor.  oostatns  Miiller.    Monatsb.  Berl.  Akad.  WiMenscb.,  p.  354;  Rcbaltze, 

1867,  Mon.  Ecbin.  Eifel,  Kalk,  p.  74.   Devonian.   Eifel,  Germany.   Probably  a 

variety  of  Hexaor.  anaglyptioiis. 
1838.  Hexior.  elongatni  Goldf.    (Platyer.  elong^atai  Goldf.  not  Pbillipi.)    Nova 

Acta  ac.  Leop.,  xiz, !,  p.  345,  PI.  32,  fig.  t;  Sobultce,  1867,  Hexaer   elon- 

gratus,  Mon.  Ecbin.  Eifel  Kalk,  p.  74,  PI.  9,  fig.  4.      Devonian.      Eifel, 

Germany. 
Syn.   Platyor.  OoldAifli  MUnster.    Bcitr.  s.   Petrefaotenk,  i,  p.  32,  PI.  1, 

figs.  2  a,  b. 
1838.  Hexaer.  exteulptm  Goldf.    (Platyer.  extenlptai.)    Nova  Aeta  ao.  Loop., 

xix,  i,  p.  347,  PI.  32,  fig.  3 ;  Scbultze,  1867,  Hexaor.  exioulptui,  Mon.  Ecbin. 

Eifel  Kalk,  p.  77,  PI.  9,  fig.  2.     Devonian.    Eifel,  Germany. 
1843.  Hexaor.  grannliferui  F.  A.  Roemor.    (Platyer.  grannliferui.)    Versteiner 

Nassau's,  p.  397.     Devonian.     Labnstein,  Germany. 
*1860  (?).  PI.  imularie  Eiobwald.  Letbaea  Roeuica,  i,  p.  612,  PI.  31,  fig.  58.  Devonian. 

Isle  of  Oesel. 
Tbere  is  Pome  doab%  wbetber  tbis  ia  a  Hexacrinut.    Eicbwald  deacribea  it  witb 

five  radials,  one  of  tbem  mucb  larger  and  apparently  compoaed  of  two  pieoea, 
*      wbicb  are  aaid  to  be  aoldered  togetber.    One  of  tbe  otber  platea  ia  repreaented 

aa  being  mucb  amaller. 
1841.  Hexaor.  interfoapnlarii  Pbillipa.    (Platyer.  interieapularii  not  Miller.) 

Pal.  Fo88.  Cornwall,  p.  28,  PI.  14,  fig.  39 ;  D'Orbigny,  1849,  Prodr.  d.  Pal^- 

ont,  p.  103;  Auatin,  1843,  Ann.  and  Mag.  Nat  Hiat.,  x,  p.  109;  Scbultie, 

1867,  Hexaer.  interfoapularis,  Mon.  Ecbin.  Eifel  Kalk,  p.  79,  PI.  8,  fig.  5. 

Devonian.    Near  Plymoutb,  Eng.,  and  Eifel,  Germany. 
Syn.  Platyer.  granifer  Roemer.     1852,  Verb.  Naturb.  Verein  Rbeinl.,  ix,  p. 

281,  PI.  2,  fig.  1;  Sobultze,  Hexaor.  interteapularii,  Mon.  Ecbin.  Eifel 

Kalk,  p.  79. 
Syn,  Platyer.  melo  Auatin.    184.3,  Mon.  Reo.  and  Foaa.  Crin.,  p.  48,  PI.  6,  fig. 

1 ;  Schultze,  Hexaer.  interieapularii,  Mon.  Ecbin.  Eifel  Kalk,  p.  79. 
Syn.  Hexaer.  depreiim  Auatin.     1843,  Mon.  Rec.  and  Foaa.  Crin.,  p.  49,  PI. 

6,  figs.  2  ac;  Scbultae,  Hexaer.  intersoapnlarii,  Mon.  Ecbin.  Eifel  Kalk, 

p.  79. 
^1860.  Hexaor.  Leai  Lyon.    (Platyer.  LeaL)    Trana.  Am.  Pbiloa.  Soc,  p.  259,  PI. 

26,  figa.  g  g^.    Upper  llelderberg,  Dev.     Louisville,  Ky. 
1857.  Hexaer.  limbatus  MUllcr.    Neuo  Ecbin.  Eifel,  p.  248,  PI.  2,  fig.  1 ;  Scbultce, 

1867,  Mon.  Ecbin.  Eifel  Kalk,  p.  78,  PI.  9,  fig.  1.     Devonian.     Eifel,  Germany. 
1857.  Hexaor.  lobatm  MUller.  Neue  Ecbin.  Eifel,  p.  248,  PI.  1,  figa.  10-12;  Scbultse, 

1867,  Mon.  Ecbin.  Eifel  Kalk,  p.  84.  PI.   10,  fig.   6.      Devonian.     Eifel, 

Germany. 
1843.  Hexaer.  maorotatni  Auatin.    Mon.  Rec.  and  Foaa.  Crin.,  p.  50,  PI.  6,  figa.  3 

a-d.    Devonian.    Soutb  Devon,  England. 
iS'yfi.  Platyor.  Phillipsii  D'Orbigny.     1850.  Prodr.  de  Pal6ont.,  i,  p.  103. 
Syn,  Platyor.  tabereulatm   Pbillipa,  1839  (not  Miller,  1821).    Pal.  Foaa. 

Cornwall,  PI.  60,  fig.  39. 
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1867.  HezMT.  Bodifer  Schnltse.      Mon.  Eo)Jn.  Eifcl  Kalk,  p.  84,   PI.  10,  fig.  3. 

Devonian.     Eifel,  (rermany. 
1838.  Eezaor.  omatu  (}oIdf.    (Platyor.  onutui  not  McCoy.)     Nova  Acta  Ac. 

Leop.,  ziz,  i,  p.  347;  Bcbultse,  1867,  Eexaor.  omatas,  Mon.  ^k;hin.  Eifel 

Kalk,  p.  82,  PI.  8,  fig.  4,  and  PI.  10,  fig.  9.     Devonian,     Eifcl,  Germany. 
Sjfm.  Eexaor.  eohinfttai  Sandbcrger,  1856.    Verstein.  Nassau's,  p.  398,  PI.  35, 

fig.  10. 
1867.  Hexaer.  pateneformlf  Scbultie.     Mon.  Echin.  Eifel  Kalk,  p.  87,  PI.  10,  fig. 

4.     Devonian.     Eifel,  (Germany. 
1867.  Hezaor.  pjriformii  Scbaltse.      Mon.  Ecbin.  Eifel  Kalk,  p.  76,  PI.  10,  fig.  1. 

Devonian.     Eifel,  Germany. 
1857.  Hezaor.   ipinoiUf   MUller.      Neue  Eobin.  Eifel.  p.   248,  PI.  i,  figf.  13,   14; 

Scbultze,  1867,   Mon.  Eobin.  Eifcl  Kalk,  p.  75,  PI.  8,  fig.  2.      Devonian. 

Eifel,  Germany. 

1851.  Eezaor.  itellaril  F.  Roemer.    (Platjor.  ftellarif.)      Verb.  Na*urb.  Veroin  f. 

Rbeinl.,  viii,  p.  362,  PI.  7,  figs.  2  a,  b,  c :  Scbultze,  1867,  Hezaor.  stellaril, 
Mon.  Ecbin.  Eifel  Ktlk,  p.  81,  PI.  8,  fig.  3.     Devonian.     Eifel,  (iermany. 

1867.  Hezaor.  triradiatuf  Scbultze.  Mon.  Ecbin.  Eifel  Kalk,  p.  86,  PI.  9,  fig.  5. 
Devonian.     Eifcl,  (Germany. 

1826.  Eezaor.  yentrioosui  Goldf.  (Platyor.  yentrioofaf .)  Potref.  <ierm.,  i,  p.  189, 
PI.  58,  fig.  4;  MUIIer,  1856,  Monatsb.  lierl.  Akad.,  p.  354,  and  1857,  Neue 
Ecbin.  Eifl.,  p.  247,  PI.  1,  figfl.  3,  4;  Scbultze,  1867,  Eezaor.  yentriooiuii 
Mon.  Ecbin.  Eifel  Kalk,  p.  85,  PI.  10,  fig.  2.     Devonian.    Eifel,  (icrmany. 

8.  DICHOCRINTIS  MUnster.  * 

1838.  Munster.  Beitr.  zur  Petrefactenk. ,  1,  p.  2. 
1843.  Austin.  Mon.  Rec.  and  Foes.  Crin.,  p.  45. 
1850.  D  Orbigny.     Prodr.  de  Paleont,  1,  p.  156. 

1852.  Owen  and  Shumard.    U.S.  Geol.  Rep.  Iowa,  Wis.  and  Minn.,  p.  .i89. 

1853.  De  Koninck  and  Lehon.    Rech.  Crin.  Carb.  Belg.,  p.  146. 

1857.  Pictct.     Traits  de  PaU'ont.,  iv,  p.  333. 

1858.  Hall.    Geol.  Rep.  Iowa,  i,  pt.  ii,  p.  654  (not  689). 

1860.  Meek  and  Worthen.     Proo.  Acad.  Nat.  Sci.  Phila.,  p.  :}81. 
1860.  Hall.    8upp.  Geol.  Rep.  Iowa,  p.  83. 

1860.  Caaseday  and  Lyon  (in  part).     Proc.  Acad.  Arts  and  Sci.,  y,  p.  16. 
1866.  Meek  and  Worthen.     Geol.  Rep.  111.,  ii,  pp.  167  and  263. 
1879.  Zittel.    Ilaodb.  der  Palaeont.,  p.  365  (not  Shumard,  1857,  Trans. 
St.  Ix>uis  Acad.,  1,  p.  5). 
Syn.  (?)  CotyledanocrinuB  Cass,  and  Lyon.     1860,  Proc.  Am.  Acad. 

Arts  and  Sci.,  v,  p.  16. 
Syn.  Plaiycrinus  Phillips  (in  part).    Geel.  of  Yorkshire,  ii. 

There  has  been  some  difference  of  opinion  as  to  the  number  of 
primary  radials  in  Dichocrwua.  Austin  represents  his  Dichocr, 
fuisiformisy  Rec.  and  Foss.  Crin.,  PI.  5,  fig.  6^,  with  three  small 
plates  above  the  first  radials ;  De  Koninck  and  Lehon,  in  their 
generic  formula,  fix  the  number  of  primary  radials  at  4  X  5,  on 
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the  strength  of  Austin's  figure.  On  the  other  hand,  Shumard 
described  his  two  species,  Z>.  cornigerua  and  Z>.  sexlobaluSj  with  a 
single  large  radial,  and  none  above  it.  Casseday  and  Lyon  state 
the  number  of  radials  as  1  to  3  X  5,  in  which  opinion  Meek  and 
Worthen  coincide. 

We  have  no  doubt  that  the  latter  statement  Is  correct,  and  that 
Austin's  si)ecies  is  incorrectly  figured,  and  had  actually  but  three 
radials ;  but  we  have  ascertained  from  several  excellent  specimens 
loaned  to  us  by  Prof.  Worthen,  that  the  so-called  D.  cornigerus 
and  D.  sexlohatus  of  Shumard  both  have  a  very  minute  second 
i-adial,  which  is  sometimes  not  visible  externally.  These  two 
species,  however,  like  some  others  described  by  Casseday  and 
Lyon,  differ  from  the  typical  Dichocrinus  in  several  other  impoit- 
ant  points,  and  this  has  led  us  to  arrange  them  in  a  new  generic 
group  under  Talarocrinus^  which  includes  every  species  of  this 
form  with  only  two  primary  radials.  We  have  examined  all 
known  American  species  of  Dichocrinus  proper,  and  find  they  all 
have  three  primary  radials. 

Hevised  Oeneric  Diagnosis, — Calyx  deeply  cup-shaped  ;  plates 
delicate,  rarely  ornamented ;  symmetry  distinctly  bilateral. 

Basals  two,  hexagonal,  forming  together  an  obconical  or  rounded 
cup.  Radials  3X5.  The  five  plates  of  the  first  series  very 
large,  their  sides  straight  and  nearly  parallel ;  two  rest  on  each 
basal  piece,  the  anterior  plate  in  a  notch  at  one  end  of  the  basal 
suture ;  against  the  opposite  end  there  rests  a  large  anal  plate, 
which  is  placed  in  line  with  the  first  radials.  Succeeding  radials 
very  small,  occupying  scai^cely  more  than  one-fourth  the  width  of 
the  first.  The  third  radials  are  bifurcating  plates  which  support 
either  the  arms,  or  in  species  with  more  than  ten  arms,  the  higher 
orders  of  radials.  Secondary,  tertiary,  or  even  quartemary 
radials  occur  according  to  the  number  of  arms.  These  higher 
orders  arc  generally  in  series  of  two  plates  each,  exceptionally 
three  ;  they  are  similar  in  appearance  to  ordinary  arm  plates,  but 
are  easily  distinguished  by  being  single-jointed ;  while  the  arm 
plates,  from  the  base  up,  are  composed  of  a  double  series  of 
pieces. 

Arms  rather  delicate,  but  they  give  off  very  long  and  stout  pin- 
nules composed  of  large  joints.  The  pinnules  form  a  very  char- 
acteristic feature  of  the  genus. 

Anal  plate  almost  as  large  as  the  first  radials,  often  narrower 
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above  than  below;  quadraDgular.  Interradial  plate  pushed  up- 
ward to  the  ventral  side  of  the  body,  resting  upon  two  upp^r 
margins  of  the  first  radials,  which  are  not  indented ;  several  inter- 
radial dome  plates  follow  in  succession. 

Dome  depressed,  and  so  far  as  known,  constructed,  as  in  some 
species  of  Platycrintis^  with  a  short  excentric  anal  tube. 

Column  cylindrical,  with  a  small  round  canal. 

The  genus  is  most  closely  related  to  Talarocrinus. 

Geological  Poaiiion,  etc. — Dichocrinus  is  a  Subcarboniferous 
genus,  and  is  found  in  America  from  the  Lower  Burlington  lime- 
stone up  to  the  Warsaw,  where  it  is  succeeded  by  Talarocrinus. 
It  is  also  represented  by  a  number  of  species  in  the  Mountain 
limestone  of  Belgium  and  Great  Britain. 

We  recognize  the  following  species : — 

1SC2.  Biehooriaiu  angnitui  White.    Proo.  Boat.  Soo.  Xat.  Hist.,  iz,  p.  19.    Upper 

BorliDgton  limest.     Barlington,  Iowa. 
ISCO.  Dielioor.  oonitriotui  Meek  and  Worthen.     Proc.  Aoad.  Nat.  Soi.  Phila.,  p. 

381 ;  also  Geo!.  Rep.  111.,  ii,  p.  263,  PI.  19,  figs.  2  a,  b,  c.     Warsaw  limest. 

BIoomiDgton,  Ind. 
1860.  Biehoer.  oonm  Meek  and  Worthen.     Proc.  Aoad.  Nat.  Sci.  Phils.,  p.  381 ; 

also  Qeol   Rep.  111.,  ii,  p.  169,  PI.  16,  figs.  5  a,  b.     Loner  Burlington  limest. 

Barlington,  Iowa. 
1862.  Diohoor.  erMiiteftni  White.    Proo.  Bost  Soc.  Nat.  Hist.,  ix,  p.  19.    Upper 

Barlington  limest.    Barlington,  Iowa. 
1860.  IHttllOOr.  diohotomm  llall.    Sapp.  Geol.  Rep.  Iowa,  p.  85,  PI.  1,  fig.  5.    War- 
saw limest.     Warsaw,  111. 
1853.  Diolioer.  olegam  De  Kon.  snd  Leh.  (not  Casscday  and  Lyon  =  Talarorrinv§ 

eUgatu  Wachsm.  and  Spr.).     Rech.  Crin.  Carb.  Belg.,  p.  153,  PI.  4,  figs.  13 

a,  b.    Mountain  limest.    Toumay,  Belg. 
1836.  Diohoer.  elongatai  (PUtyor.  elongatui)  Phill.  (not  Goldf.,  1838  =  Hera- 

crtNMs).     Geol.  of  Yorkshire,  p.  204,  PI.  3,  figs.  24,  26;  Austin,  1843,  Mon. 

Ree.  and  Foss.  Crin.    Mount,  limest.    Toumay,  Belg. 
1853.  DiehMr.  •zpaniHf  De  Kon.  and  Leh.  (not  Meek  and  Worthen  =  Dichocr. 

poiydaetyluM  Cass,  and  Lyon).     Reoh.  Crin.  Carb.  Belg.,  p.  151,  PI.  4,  fig.  10. 

Mount,  limest.    Belgium  and  England. 
This  species  had  been  figured  by  Miller,  1821,  among  his  PI.  IsbtIi  (figv.  4,  5), 

and  by  Austin  as  D.  radUtui. 
1860.  Diohoor.  flom  Casseday  and  Lyon.     Proc.  Am.  Acad.  Arts  and  Se*.,  v,  p.  24  ; 

Meek  and  Worthen,  1873,  Geol.  Rep.  111.,  v,  p.  500,  PI.  14,  fig.  1.     Kiokuk 

limest.     CrawfordsTille,  Ind. 
In  their  description,  the  above  authors  state  that  all  of  the  six  periiomic  plates 

are  arm  bearing.    This  is  a  mistake,  as  the  anal  plate  supports  a  narrow 

cylindrical  tube  somewhat  resembling  an  arm. 
1843.  Diohoor.  faoifonnii  Austin.    Mon.  Rec.  and  Fors.  Crin.,  p.  47,  IM.  5,  figs.  6 

■•d;  De  Kon.  and  Leh.,  1853,  Rech.  Crin.  Carb.  Belg.,  p.  148,  PI.  4,  fig.  7. 

Mount,  limest.    Mendip  Hills,  Eng.,  and  Toumay,  Belg. 

18 
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1853.  Diolioer.  granuleiiu  De  Koo.  and  Leb.    Rwh.  Crin.  Carb.  Belg.,  p.  152,  PI.  4, 

fig.  12.    Mount,  limest.    Toarnay,  Belg. 
1858.  Diehoer.  iBtonn^diiis  De  Kon.  and  Leb.    Raeh.  Crin.  Carb.  Belg.,  p.  150,  PI. 

4,  fig.  9.    Mount,  limett.    Toamaj,  Belg. 
1863.  Diohoor.  irreguUrii  De  Kon.  and  Leb.    Reeb.  Crin.  Carb.  Belg.,  p.  152,  PI. 

4,  figi.  11  a,  b.    Mount,  limest.    Tonmay,  Belg. 

1860.  BiehMT.  l«Tii   Hall.    Supp.  Oeol.  Rep.  Iowa,  p.  83.     Lower  Burlington 

limeit.    Burlington,  Iowa. 
1869.  Dioboor.  lineatni  Meek,  and  Wortb.    Proo.  Aead.  Nat.  Bot.  Pbila.,  p.  69;  also 
Oeol.  Rep.  111.,  t,  p.  440,  PI.  8,  fig.  1.    Lower  Burlington  limeit.    Burling- 
ton, Iowa. 

1861.  Diohoor.  liratni  Hall.    Deso.  New  Sp.  Pal.  Crin.,  p.  6;  also  Boat  Jour.  Nat. 

Hilt.,  p.  290,  Pbotog.  PI.  2,  flga.  7,  8.    Upper  Burlington  limeit.    Burling- 
ton, Iowa. 

*1881.  Diolioor.  omatui  Waobim.  and  Spr.  (Diohoor.  loulptu  Lyon  «nd  Can.,  not 
De  Kon.  and  Leb.,  1853).  Proe.  Am.  Aoad.  Arti  and  Sci.,  ▼,p.  25.  Keokuk 
limeit.  Hardin  Co.,  Ky.  We  propoie  the  abore  name,  D.  Mvlptiu  being 
preoccupied. 

1850.  Diohoor.  oyatni  Ow.  and  Sb.  Jour.  Acad.  Nat.  Sci.  Pbila.  (new  ir.)  ii,  Pt.  i ; 
alio  U.  8.  Qeol.  Rep.  Iowa,  Wli.  and  Minn.,  p.  590,  PI.  5  A,  flgi.  9  a-b. 
Lower  Burlington  limeit.    Burlington,  Iowa. 

1869.  Diohoor.  piottm  Meek  and  Wortb.  Proe.  Aead.  Nat.  Soi.  Pbila.,  p.  69;  alfo 
Qeol.  Rep.  III.,  t,  p.  440,  PL  3,  fig.  2.  Lower  Burlington  limeit.  Burling- 
ton, Iowa. 

1861.  Diohoor.  plioatu  fiall.  Dete.  New  Pal.  Crin.,  p.  4 ;  alio  Bo«t.  Jour.  Nat.  HifC. 
p.  288,  Pbot.  PI.  2,  flgi.  9,10.    Upper  Burlington  limeit.    Burlington,  Iowa. 

1861.  Diohoor.  pooillmn  Hall.  Deio.  New  Sp.  Crin.,  p.  5;  alio  Boii.  Jour.  Nat  Hiit, 
p.  291,  Pbot.  PI.  2,  figi.  15,  16  (Fig.  14  li  eridently  Meek  and  Wortben'a 
D.  l»Tii|  wbiob  oooun  in  tbe  Upper  Darlington  bedi).  Lower  Burlington 
limeit.    Burlington,  Iowa. 

1860.  Diohoor.  poljdmotylm  Caiieday  and  Lyon.    Proo.  Am.  Acad.  Arti  and  Soi.,  r, 
p.  20.    Keokuk  limeit.    Crawfordirille,  Ind. 
Syn.  D.  oxpaBim   Meek  and  Wortb  (not  De  £on.  and  Leb.,  1853).    Proo. 

Aoad.  Nat.  ScL  Pbila.,  p.  344;  alio  Oeol.  Rep.  III.,  r,  p.  500,  PI.  14,  fig.  1. 
Tbe  original  deicription  by  Can.  and  Lyon  it  lomewbat  erroneoui  ai  to  the 
arrangement  of  tbe  armi,  and  thii  probably  led  Meek  and  Wortbeb  to  pro- 
poie a  new  ipeeiei.    There  ii  no  doubt  of  the  identity  of  tbe  two. 

1888.  Diohoor.  radiatu  Miinater.  Type  of  tbe  genm.  Beltr.  t.  Petref.,  i,  p.  2,  PI. 
1,  flgi.  3  a-d ;  De  Koninok,  1842,  i>eio.  Anim.  Fon.,  p.  40,  Pi.  i,  flgi.  6  a-d ; 
Auitin,  1843,  Mon.  Reo.  and  Foil.  Crin.,  p.  45,  Pi.  6,  flgi.  5  a-d;  D'Orbigny, 
1850,  Prodr.  de  Pal6ont.  i,  p.  156;  De  Kon.  and  Leb.,  1858,  Reob.  Crin. 
Carb.  Belg.  p.  149,  PI.  4,  figi.  8  a-d ;  Piot6C,  1857,  Trait6  de  Pal^ont.  ir,  p. 
838,  PI.  101,  fig.  18 ;  Bronn,  1860,  KlaMen  d.  Tbiemlobi,  ii.  Pi.  28,  flgi.  9 
a-b.    Mount,  limeit.    Mendip  Hilli,  Bng.,  and  Toumay,  Belg. 

'1861.  Diohoor.  loituliiB  Hall.  Deio.  New  Pal.  Crin.  p.  4;  alio  Boit.  Jour.  Nat 
Hilt.,  p.  289.    Lower  Burlington  limwt    Burlington,  Iowa. 

1858.  Diohoor.  Miilptlii  De  Kon.  and  Leb.  (not  Can.  and  Lyon,  1860).  Reob.  Crin. 
Carb.  Belg.,  p.  154,  PI.  4,  flgi.  14  a,  b,  e.    Mount,  limeit    Tonraay,  Belg. 

1857.  Diohoor.  iimplfZ  Sbmmard.  Trani.  Aead.  Sci.  St  Louii,  p.  74,  PL  1,  fig.  2 ; 
Hall,  1858,  Geol.  Rep.  Iowa,  i,  Pc  ii,  p.  654»  PI.  28,  flgi.  12  a,  b.  Wanaw 
Umeit    Spurgeon  Htn,  Ind. ;  alio  St  Mary*i  Landing,  Mo.,  and  Sparta,  Tena. 
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ISaa.  Dleliotr.  itriatui  0«r.  and  Sh.  Jour.  Aoad.  Nat.  Soi.  Fhila.  rol.  H,  Pt.  i, ; 
alflo  U.  8.  Qeol.  Rop.  Iowa,  Wis.  and  Minn.  p.  690,  PI.  6  A,  figs.  10  a,  b. 
Upper  Burlington  limest.    Burlington,  Iowa. 


9.  TALAXOORillOB,  nov.  gen. 
(rdAapo^  a  sxnftll  basket,  Kpivov  a  lily.) 

Syn.  Dichocrinus  Shumard  (in  part)  1860  (not  MOnster).    Trans. 

Acad.  Sci.  St.  Louis. 
Syn.  Dichoerinui  Cass,  and  Lyon  (in  part)  1860.    Proo.  Am.  Acad. 

Arts  and  Sci.,  v,  p.  16. 

Among  the  species  described  by  SbnmaTd  onder  Dichocrinus 
there  are  two,  which  differ  materially  from  that  genus  and  from 
Pterotocrinus^  with  which  they  are  nearest  related.  Meek  and 
Worthen,  in  their  generic  description  of  Pterotocrinus  (Geol.  Rep. 
UL,  ii,  p.  290),  recognized  more  than  specific  differences  between 
the  form  represented  by  Shumard 's  Dichocrinus  comigeru^  and 
D.  sexlobatus^  and  the  genus  Fterotocrinus  with  which  these  two 
species  had  been  identified,  and  they  proposed  either  to  divide  the 
gvnos  into  two  sections,  or  to  separate  the  above  species  from  it 
8n1>generically.  Shninard  afterwards  and  also  S.  A.  Miller,  in 
their  catalogues  placed  both  species  under  Pterotocrinus. 

Wetherby  (Cin.  Joum.  Nat.  Hist.,  1879,  Apr.  number)  on  the 
other  hand,  refers  the  above  species  to  Dicfiocrinus  and  considers 
tiiftm  altogether  distinct  from  Pterotocrinus,  In  the  latter  con- 
dnnon  he  is  undoubtedly  correct,  but  we  cannot  see  that  their 
niations  to  Dichocrinus  are  any  closer.  They  evidentl}*^  form  a 
little  group  by  themselves,  which  in  nature  occupies  a  place 
biftween  the  two  genera,  forming  a  connecting  link  between  them. 
We  propose  for  this  group  the  generic  name  Talarocrinus  with 
D,  comigerus  Shum.  as  the  type. 

Generic  Diagnosis. — General  form  of  body  ovoid;  composed 
of  heavy  plates.  Calyx  subconical ;  plates  convex,  deeply  imr 
pressed  at  the  suture  lines,  and  hence  more  or  less  protuberant ; 
sUEflice  smooth. 

Basals  two,  pentagonal,  precisely  alike,  the  suture  running  from 
the  posterior  to  the  anterior  side.  First  radials  large,  quadran- 
gular, nearly  as  wide  as  high,  aranged  in  line  with  the  first  anal 
plate,  which  is  as  large  or  larger  than  the  radials,  and  of  similar 
fbrm.    The  upper  edge  is  excavated,  but  not  semicircular,  there 
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being  an  angular  process  in  the  middle.  Second  radials  ^  very 
minute,  often  not  visible  externally,  and  resting  from  within 
against  the  median  angular  process  within  the  articulating  depres- 
sion of  the  large  radial.  Their  inner  face  is  much  larger,  trian- 
gular in  form,  with  concave  sides.  The  arrangement  is  such  that 
these  sides,  together  with  the  outer  portions  of  the  articulating 
scar  of  the  first  plates,  form  two  semicircular  sockets,  supporting 
each  a  small  pentagonal  bifurcating  secondary  radial,  which  here, 
as  in  Pterotocrinus  and  Mamupiocrinus,  constitutes  a  part  of  the 
body,  and  in  turn  supports  two  arms,  or  twenty  arms  in  all. 
Form  of  the  arms  unknown. 

Yiault  generally  of  equal  height  with  the  calyx,  decidedly  lobed 
when  viewed  from  above;  composed  of  numerous  small  pieces, 
some  of  them  spiniferous ;  toward  the  posterior  side  obliquely 
flattened,  with  a  lateral  anal  aperture  towards  the  upper  end. 
Radial  areA  elevated,  and  extending  outward ;  interradial  portions 
depressed,  posterior  side  much  wider.  Central  vault  piece  large, 
nodose  or  spiniferous.  The  four  large  proximal  plates  occupy  in 
four  of  the  interradial  spaces  the  upper  portion  of  the  depression, 
while  the  two  smaller  ones  rest  partly  against  the  radial  portions 
of  the  dome,  with  several  small  anal  plates  and  the  anal  aperture 
between  them.  Interradial  vault  pieces  three,  rather  large,  and 
much  higher  than  wide.  The  first  radial  vault  piece  is  spiniferous 
in  most  species,  the  succeeding  plates  small  and  nodose,  arranged 
longitudinally  in  rows,  forming  together  regular  arches  over  the 
ambulacral  passages  within  the  body.  There  is  a  large  elongate 
brachial  piece  between  the  two  divisions  of  each  ray,  which  at  its 
lower  end  c<mnects  with  the  upper  point  of  the  second  radial, 
thus  giving  origin  to  two  arm  openings  in  each  ray.  The  anal 
area  has  three  large  pieces  in  the  first  series,  which  rest  upon  the 
anal  plate  of  the  calyx,  the  median  one  has  form  and  size  of  the 
interradial  plates,  the  two  others  are  smaller.  In  the  second 
series  there  are  two  plates,  followed  by  a  number  of  minute  pieces 
surrounding  the  anal  aperture,  Which  is  protuberant. 

Column  probably  cylindrical  and  small,  with  a  minute  central 
canal. 

Talarocrinus  differs  from  Dichocrinua  in  the  greater  promi- 
nence of  the  plates  in  the  calyx ;  its  higher  vault ;  in  having  the 

^  8hamard  described  Diehoer,  comigeruB  with  a  single  radial,  but  the 
second  is  present  in  the  species  thongh  hidden  from  yiew  exteriorly. 
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secondary  radials  forming  pari  of  the  calyx,  and  in  having  the 
anal  opening  through  the  vault,  and  not  at  the  end  of  a  tube.  It 
differs  from  Pterotocrinus  in  the  very  different  form  of  the  calyx ; 
in  having  no  tertiary  i*adials  in  the  calyx ;  in  the  form  of  the 
dome,  and  the  absence  of  lobed  processes. 

Geological  Jb^tYion,  etc. — The  genus  is  known  only  from  the 
St.  Louis  and  Easkaskia  groups  of  the  United  States. 

We  recognize  the  following  species : — 

*1857.  Talmroerlniis  oomigenii  Shumard.  (Diehoor.  oomigenu.^  Type  of  the 
genoB.  Tnns.  Acad.  Sci.  St.  Loui^  i,  p.  72,  PI.  1,  figa.  1  a,  b;  Pterotoer. 
eomigemi  Shamard,  1866,  Cat.  Pal.  Fois.  N.  Amer.,  i,  p.  393;  8.  A.  Miller, 
Pterotoer.  oomigeme,  Catal.  Pal.  Foas.,  p.  89.  Kaskaskia  limeit.  Frank- 
lin Co.,  Ala. 

*1860.  Talmroer.  elegam  Caae.  and  Lyon.  (Biebeer.  elegam.)  Proo.  Am.  Acad. 
Arta  and  Soi.,  v,  p.  22.    St.  Loaia  limeat.     Edmonaon  Co.,  Ky. 

*1857.  Talmroer.  Mxlobatui  Shumard.  (Diehoor.  sexlobatni).  Trana.  Acad.  Sol. 
St.  Louia,  Tol.  i,  p.  6,  PI.  i,  figa.  3  a,  b,  o ;  S.  A.  Miller  (Pterotoer  sexleba* 
tna),  Catal.  Pal.  Foaa.,  p.  89.     Kaakaakla  limeat.     Ruaaelville,  Ky. 

*1860.  Talaroer.  ijmmetrieiu  Caaa.  and  Lyon.  (Diehoor.  lymmetrieui.)  Proo. 
Am.  Acad.  Arta  and  Sol.,  vol.  t,  p.  22.  Karkaakia  limeat.  Edmonaon 
Co.,  Ky. 

10.  PTEBOTOCRIHTIB  Lyon  and  Caaaeday. 

1859.  Lyon  and  Casseday.    Am.  Joum.  Sci.  and  Arts,  xxiz,  p.  68. 
1866.  Meek  and  Woiihen.    Geol.  Rep.  HI.,  ii,  p.  288. 
1879.  Wetherby.    Joum.  Cin.  Soo.  Nat.  Hist.  (April). 
1879.  Wetherby.    Ibid.  (October  No,) . 
1879.  Zittel.    Handb.  d.  Palaeont,  1,  p.  865. 

8yn.  Ast&rocrinus  Lyon,  1857  (not  MQnster).    Qeoh  Rep.  Ky.,  ill, 
p.  472. 

Pterotocrinus  was  first  described  in  1857  by  Lyon  under  the 
name  of  Asterocrinus^  which,  being  previously  occupied  by  Miin- 
Bter,  was  changed  to  the  former  in  1859  by  Lyon  and  Casseday. 

Meek  and  Worthen,  in  revising  the  genus  in  1866,  indicated  in 
their  generic  formula  four  series  of  interradial  plates,  which  is 
evidently  a  mistake,  as  that  order  of  plates  is  entirely  absent  in 
the  calyx.  They  further  changed  the  term  "  wings  or  lobed 
pieces ''  of  Lyon  into  "  interbrachial  appendages." 

In  1879,  Prof.  Wetherby,  who  had  obtained  very  perfect  speci- 
mens from  Kentucky,  published  some  new  and  interesting  obser- 
vations on  the  genus,  and  described  in  the  April  and  October 
numbers  of  the  Journ.  of  the  Cincin.  Soc.  Nat.  Hist,  three  new 
species.     He  considered  the  small  plates  which  had  been  recog- 
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nized  by  Meek  and  Worthen  as  second  radials,  to  be  mere  acces- 
sory pieces.  These  plates  are  exceedingly  small  and  rudimentary 
in  this  genus,  sometimes  almost  obsolete ;  but  in  their  minuteness 
they  are  clearly  the  analogues  of  the  second  primary  radials  in 
other  genera,  and  should  be  so  described. 

Generic  JDiagnosia. — Calyx  depressed,  saucer-shaped,  much 
wider  than  high ;  symmetry  bilateral.  Vault  high,  p^Tanudal, 
pentagonal  in  outline,  crowned  by  five  wing4ike  lateral  extensions 
or  processes,  which  form  one  of  the  most  characteristic  features 
of  this  remarkable  genus.     Plates  without  surlace  ornamentation. 

Basals  two,  large,  of  similar  form,  pentagonal,  the  suture  run- 
ning from  the  anterior  to  the  posterior  side ;  they  form  a  shallow 
cup,  with  a  central  depression  for  the  attachment  of  the  column. 
Posterior  side  of  the  cup  angularly  excavated  for  the  reception  of 
a  rather  large,  lance-shaped,  subtriangular  anal  plate,  the  opposite 
side  of  which  is  similarly  excavated,  supporting  the  anterior 
radial.  First  radials  almost  twice  as  wide  as  high,  increasing 
rppidly  in  width  from  their  lower  suture  upward.  The  anterior 
radial  is  heptagonal,  the  two  adjoining  radials  hexagonal.  The 
two  posterior  first  radials  are  of  somewhat  different  form  on 
account  of  the  triangular  or  quadrangular  anal  piece  which  is  inter- 
calated between  them,  and  they  are  either  heptagonal  or  hexagonal 
according  as  this  plate  is  of  equal  height  with  them  or  shorter. 
The  upper  side  of  the  first  radials  is  excavated  and  more  or  less 
concave,  it  supports  not  only  the  second  primary  radials,  but  also 
the  two  secondary  ones,  and,  what  is  most  remarkable,  one  of  the 
first  series  of  tertiary  radials;  all  of  which  plates,  with  1  X  2  X  20 
additional  tertiary  radials,  form  part  of  the  calyx.  The  second 
primary  radial  is  placed  within  the  concavity  of  the  first  plate ; 
it  is  very  minute,  sometimes  invisible  externally,  of  triangular 
form,  and  supporting  on  each  sloping  &ce  a  single  series  of  bifur- 
cating plates,  which  rank  as  secondary  radials.  These  latter  meet 
above  the  apex  of  the  small  second  radial,  and  rest  by  one  side 
upon  the  large  first  radials,  while  their  two  upper  foces  support 
from  2  to  3  X  20  tertiary  radials,  or  2  X  4  to  each  ray.  Of  these 
plates,  the  two  outer  ones  of  each  ray  rest  with  one  side  upon  the 
outer  extremity  of  the  margin  of  the  first  radials,  with  the  outer 
side  against  one  of  the  upper  sloping  faces  of  the  secondary 
radials,  the  inner  sides  meet  each  other,  while  their  upper  faces 
support  a  second  tertiary  radiaL    The  two  plates  toward  the 
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inner  ray  are  narrower,  truncate  below,  resting  upon  the  longer 
upper  &ce  of  the  secondary  radials,  and  support  like  *the  outer 
plates  one  or  two  plates  in  succession,  which  in  turn  support  the 
arms.  The  radials  of  the  higher  orders  are  almost  of  equal  size, 
and  at  least  twice  as  wide  as  high.  There  is  no  interradial  within 
the  calyx,  and  no  other  anal  plate  but  the  one  described.^ 

Dome  highly  elevated,  pyramidal,  pentagonal  in  outline.  The 
angles  which  are  radial,  are  excavated  for  the  attachment  of  the 
large  radial  processes.  The  sides  of  the  pentagon  are  the  inter- 
radial spaces,  which  seem  to  have  faint  grooves,  running  longi- 
tudinally, wherein  the  arms  rest.  Four  of  the  interradial  spaces 
are  of  equal  size,  the  fifth  somewhat  larger.  All  five  are  similarly' 
constructed,  and  contain  three  plates  in  the  lower  series.  The 
middle  or  first  interradial  plate  is  the  larger,  its  two  upper  sides 
forming  an  angle.  The  two  adjacent  plates,  as  will  be  explained 
presently,  are  representations  of  radials  of  a  second  order. 
Above  these  and  alternating  with  them,  rests  a  second  series  of 
interradials,  composed  of  two  plates,  larger  than  the  first,  and 
these  meet  laterally  with  corresponding  plates  of  adjacent  rays. 
The  upper  series,  representing  the  proximal  vault  pieces,  consists 
of  a  single  plate  in  four  of  the  spaces,  and  two  slightly  smaller 
ones  in  that  of  the  posterior  side,  which  all  join  laterally  and 
form  a  continuous  ring.  In  a  few  instances  only,  there  appears 
to  be  a  small  anal  plate  located  between  the  two  smaller  proximal 
plates. 

The  first  radial  dome  plates  are  enormously  developed  in  the 
form  of  wing-like  processes  which  form  the  most  characteristic 
featnre  of  the  genus.  Succeeding  these  outward,  toward  the  rim, 
are  two  small  secondary  radial  dome-plates,  one  on  each  side  of 
the  lower  interradial,  and  two  still  smaller  plates  bifurcating  from 
the  last,  which  are  tertiary  radial  dome  plates,  but  which  are  rarely 
observed.  Besides  these  there  is  a  rather  large,  very  peculiar 
interbrachial  plate,  beneath  the  winged  first  radial.  The  winged 
extensions  of  the  first  radial  dome  plate  are  very  variable  in  form. 
They  are,  according  to  Wetherby,  either  spatulate,  claviform,  or 
cuneiform ;  in  some  species  thin  and  knife-like  throughout  their 

'  In  one  of  Wetherby* s  specimens  which  he  kindly  loaned  us,  we  found 
a  little  triangular  piece  resting  upon  the  anal  plate.  Whether  this  is  ab- 
normal, or  a  deviation  from  the  general  rule  and  of  specific  importance, 
we  are  as  yet  unable  to  say. 
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length;  in  others  thickened  and  rounded  above,  and  slightly 
thinner  below  ;  in  some  terminating  in  thin  round  edges,  in  others 
tapering  almost  to  a  point ;  while  still  others  are  bifurcate  at  the 
extremities.  The  monstrous  plates,  which  rise  to  the  fVill  height 
of  the  summit,  and  laterally  extending  far  beyond  it,  rest  chiefly 
upon  the  surface  of  the  vault,  within  grooves,  bordered  by  elevated 
ridges  along  the  interradial  and  proximal  dome  plates,  and  only  a 
small  portion  at  the  lower  end  is  wedged  in  between  other  plates. 
The  ridges  continue  along  the  interbrachial  plate,  which  for  a 
plate  of  that  order  is  unusually  large.  The  interbrachial  plates, 
together  with  the  secondary  radials  and  lower  interradials,  form 
the  base  of  the  dome. 

The  summit  leans  somewhat  to  the  posterior  side,  more  espe- 
cially the  upper  portion,  which  in  the  best  specimens  consists  of  a 
small  cone,  composed  of  a  number  of  small  plates,  which  decrease 
in  size  upward,  leaving  a  minute  anal  opening  at  the  upper  end 
of  the  cone.* 

In  front  of  the  anal  opening,  and  in  the  radial  centre,  there  is  a 
pentagonal  plate  which  is  at  once  recognized  as  the  central  dome 
plate.  To  this  plate  converge  not  only  the  radial  grooves  in 
which  the  winged  processes  rest,  but  also  the  smaller  grooves 
within  the  interradial  spaces  which  receive  the  arms.  These 
latter  pass  into  the  ambulacral  or  arm  openings,  which  are  rather 
large,  and  have  an  upward  direction. 

The  arms  are  short,  simple,  gradually  diminishing  in  size  up- 
ward, extending  to  the  top  of  the  vault,  but  not  beyond  it.  They 
are  twenty  in  number,  divided  by  the  winged  processes  into  groups 
of  four,  each  containing  two  arms  of  two  different  rays.  They 
are  constructed  of  two  rows  of  short  interlocking  joints,  moder- 
ately convex  on  the  doi*8al  side.  Ambulacral  Airrows,  wide  and 
deep.    Pinnules  short,  stout,  composed  of  five  or  six  joints. 

The  visceral  cavity,  as  seen  from  one  of  Wetherby's  specimens, 
(vertical  section)  is  deeper  than  would  be  expected  from  the  form 
of  the  boiiy.  The  basal  plates  are  very  thin,  while  the  radials,  to 
the  top  of  the  third  order,  increase  rapidly  in  thickness. 

Column  slender,  round ;  central  perforation  small. 

'  It  is  very  possible  that  in  some  of  the  species  the  anus  is  not  thus  ex- 
tended into  a  tube-like  cone,  but  this  is  the  case  in  Pterotocrinui  dspreutu 
Lyon  and  Cass.  The  anal  aperture  is  but  rarely  observed,  being  generally 
covered  by  the  shell  of  a  Gasteropod. 
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Oeological  Position,  etc. — Pterotocrinus  is  the  last  survivor  of 
the  Platycrinidffi,  and  occurs  only  in  the  Easkaskia  limestone  of 
America. 

The  following  species  are  known : — 

1879.  Pterotooriaiis  aeutni  Wetherby.    Journ.  Cin.  8oo.  Nat.  Hist  (Oct.  No.),  p.  1, 

PI.  11,  figs.  2  A,  b,  0.    KMkaskia  limest     Pulaski  Co.,  Ky. 
1879.  Ptorotoer.  biftiroAtu  Wetherby.    Journ.  Cin.  Soo.  Nat.  Hist.  (Oct  No.),  p.  8, 

PI.  11,  figs.  1  a,  b,  0.    Kaskaskia  limest.    Pulaski  Co.,  Ky. 
1857.  Pterotottr.  eapitalif  Lyon.  (Aiterocr.  oapitalif ).  Type  of  the  genus.  Ky.  GeoL 

Bur?.,  iii,  p.  472,  PI.  3,  figs.  1  a^k ;  Lyon  and  Cass.,  1859,  Pterotoer.  eapitalis, 

Am.  Journ.  Sci.  and  Arts,  vol.  xsix,  p.  68.    Kaskaskia  limest.    Crittenden 

Co.,  Ky. 
1860.  Pterotoer.  ChotterentU  Meek  and  Worth.    Proo.  Aead.  Nat  Soi.  Phila.,  p.  383  ; 

and  1866,  Oeol.  Rep.  Ul.  ii,  p.  292,  PI.  23,  figs.  1  a,  b,  o.     Kaskaskia  limest 

Hardin  Co.,  111. 
1857.  Pterotoer.  eoroaatai  Lyon  (Aiteroer.  ooroBatai).    Ky.  Geol.  Surr ,  iii,  p. 

476,  PI.  1,  figs.  1, 1  a.    Kaskaskia  limest    Crittenden  Co.,  Ky. 
1860.  Pterotoer.  erMaas  Meek  and  Worth.     Proo.  Acad.  Nat  Sci.  Phila.  p.  382,  and 

1866,  Geol.  Rep.  Ill ,  ii,  p.  240,  PI.  23,  figs.  2  a,  b.    Kaskaskia  limest    Har- 

din  Co.,  111. 
1859.  Pterotoer.  depretiiu  Lyon  and  Cass.    Am.  Journ.  Sci.  and  Arts,  toI.  xxix. 

p.  68.    Kaskaskia  limest    Grayson  Springs,  Ky. 
*1858.  Pterotoer.  protnbenuu  Hall.  (Biehoer.  protuberaai).    Geol.  Rep.  Iowa,  i, 

Pt  2,  p  689,  PI.  25,  fig.  7.    Kaskaskia  limest     Chester,  111. 
1859.  Pterotoer.  pyramidaUi  Lyon  and  Cass.    Am.  Journ.  Soi.  and  Arts,  xxix,  p. 

69.    Kaskaskia  limest    Grayson  and  Edmonson  Cos.,  Ky. 
This  species  is  evidently  identical  with  P.  deproMllS,  and  was  described  from 

a  specimen  showing  the  rault  in  place  of  the  arms. 
1879.  Pterotoer.  tpatnlatu  Wetherby.    Journ.  Cin.  Soc.  Nat.  Hist  (Oet.  No.),  p.  4, 

PI.  11,  figs.  3  a,  b,  c.    Kaskaskia  limest     Pulaski  Co.,  Ky. 

B.  ACnVOOBDnOS  Roemer  and  ZitteL 

(Amend.  Wachsm.  and  8pr.) 

The  name  Actinocrinidie  was  first  employed  by  Roemer  in  1855, 
who  arranged  under  it  Actinocrinus^  Amphoracrinus,  Dorycrinus 
and  BatocrinuB,  genera  without  underbasals,  with  three  basal 
plates,  and  in  which  the  first  anal  piece  extends  to  the  line  of  the 
first  radials.  He  placed  Melocrinus  and  all  genera  with  four 
basals  and  no  anal  plate  within  the  first  radial  ring  under  his 
Melocrinidse,  not  including,  however,  Eucalyptocrinua  nor  Cteno- 
crinusj  which  latter,  as  he  supposed,  had  only  three  basals. 
Periechocrinus  ( Pradocrinus  and  Saccocrinua)^  which  he  thought 
differed  in  the  anal  area,  and  GtenocrinuSj  he  placed  with  Olypto- 
crinxus — of  which  the  under  basals  had  not  been  discovered — under 
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the  OtenoorinidsB ;  while  Carpocrinus  and  Macrostylocrinus  were 
referred  to  the  Gyathocrinidfle. 

Zittel  amended  Actinocrinidae  by  admitting  Periechocrinus^ 
UretmocrinuSj  Alloprosallocrinus^  Strotocrinus,  Steganocrinus, 
AgaricocrinuB  and  Megisiocrinus^  partly,  however,  as  subgenera 
of  Aciinocrinua,  He,  like  Roemer  and  Angelin,  separated  the 
genera  with  four  basals,  and  ranged  8telidiocr%nu8  and  Harma- 
ertnus,  which  have  five  basal  pieces,  under  a  distinct  family. 
Zittel  further  excluded  Carpocrinus^  Habrocrinua  and  Desmido- 
crinus^  species  with  single  arm  joints,  for  which  he  proposed  the 
name  Carpocrinidee,  and  he  placed  under  the  Dimerocrinidse 
Marcostylocrinus  and  DolcUocrinus^  genera  with  three  basals  and  no 
anal  plate  in  line  with  the  first  radials,  and  among  these  he  admitted 
CytocrinuSj  which  we  have  ascertained  has  four  and  not  three 
basals,  and  Dimerocrinus^  which  has  underbasais. 

The  fhct  that  in  those  classifications  the  least  mistake  or  mis- 
conception as  to  the  number  of  the  basals,  a  diversity  in  the 
position  or  distribution  of  the  anal  plates,  or  a  slight  variation  iB 
the  form  of  the  arm  joints,  throws  the  genus  from  one  family  into 
another,  is  in  itself  sufficient  proof,  that  the  divisions  are  arbitrary 
and  artificial.  A  classification  based  upon  fossils  should  be  as 
simple  as  possible,  resting  upon  a  broad  basis,  and  the  &mily  di- 
visions should  express  important  and  evident  structural  features, 
and  be  not  dependent  upon  such  trifling  variations  as  the  number 
of  basal  plates,  etc. 

We  place  among  the  Actinocrinidae  all  genera  of  the  Sphseroido- 
crinidsB,  which  are  constructed  of  basals  (without  underbasais) ; 
3  X  5 — rarely  2  X  5 — primary  radials,  all  forming  a  part  of  the 
calyx ;  one  or  more  higher  orders  of  radials,  with  at  least  one, 
but  generally  several  additional  interradial  pieces  beneath  the  arm 
regions ;  a  vault  composed  of  a  large  number  of  heavy  plates  in 
contact  with  each  other ;  and  we  include  species  both  with  single 
and  doul^e  jointed  arms. 

For  greater  convenienee  of  study  we  airange  the  genera  under 
six  sections. 

a.  Sto^tVftocrint^s:  The  simplest  form  of  the  sub-family.  Qeneral 
symmetry  more  or  less  perfectly  pentahedral ;  calyx  low ;  basals 
five  or  three;  second  radials  short;  anal  and  interradial  area 
scarcely  distinct ;  arms  single  or  double  jointed. 

h.  Agaricocrinitea :  Symmetry  decidedly  bilateral;  calyx  low; 
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bMak  three;  second  primary  radials  quadrangular  and  short; 
the  first  anal  plate  in  line  with  the  first  radials;  arms  heavy, 
•imple,  oomposed  of  single  or  double  joints. 

c.  Melocrinites :  Symmetry  more  or  less  uniformly  pentahedral; 
tHdyx  large ;  basals  four  or  three ;  second  radials  comparatiyely 
high  and  generally  hexagonal ;  interradials  numerous ;  anal  side 
but  little  distinct  and  its  plates  not  extending  to  the  line  of  the 
first  radials;  interaxilUries  sometimes  present;  arms  given  off 
laterally ;  columnax  canal  pentalobate  and  rather  large. 

d.  Perieehocrinitea :  Qenoral  symmetry  bilateral;  calyx  very 
large;  basals  four  or  three;  second  radials  large,  frequently  higher 
than  wide ;  interradials  and  interaxillaries  numerous ;  first  anal 
plate  in  line  with  the  first  radials,  succeeded  by  three  plates  in  the 
seeond  series ;  arms  branching ;  column  large,  and  with  a  wide 
pentalobate  canal. 

e.  Actinocrinites :  Sjrmmetry  slightly  bilateral;  calyx  large; 
buals  three ;  seoond  primary  radials  nearly  as  high  as  wide,  hex* 
agonal;  higher  orders  of  radials  numerous,  composed  of  one  series 
of  plates  each,  which  give  off  the  arms  alternately  from  opposite 
•ides ;  interradials  in  two  rows ;  the  first  anal  plate  enclosed  be- 
tween the  first  radials,  supporting  only  two  plates  in  the  second 
series ;  interaxillaries  generally  present ;  arms  long,  double  jointed* 

/.  BaiocriniteB ;  S3rmmetry  more  or  less  bilateral ;  calyx  large ; 
basals  three ;  second  radials  short,  linear ;  higher  orders  of  radials 
rarely  exceeding  three,  the  plates  of  the  last  order  touching  later- 
ally all  around  the  body,  except  sometimes  over  the  anal  area. 
Interradials  few;  intemxiU&ries  absent;  first  anal  plate  in  line 
with  the  first  radials,  second  series  composed  of  three  plates ; 
arms  short,  double  jointed. 

These  groups  are  founded  upon  the  construction  of  the  anal 
area,  in  connection  with  the  form  and  arrangement  of  the  radial 
plates  and  the  arms.  A  division  merely  based  upon  the  construc- 
tion of  the  anal  area,  as  we  have  adopted  among  Platycrinidse, 
irould  bring  together  the  Stelidiocrinites  and  Melocrinites  as  op- 
posed to  the  AgaricocrinUes^  PerUchocrinUea  and  BatocriniteSj 
while  the  ActmocriniteB  would  occupy  a  place  somewhat  between 
the  two.  A  separation  by  means  of  the  seoond  primary  radials 
brings  into  closer  proximity  8telidiocrinite$  and  Agaricocriniies^ 
in  which  those  plates  are  short,  linear  and  quadrangular,  against 
tihe  three  other  sections  in  which  they  are  comparatively  high  and 
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hexagonal.  An  exception  is  here  found  in  Dolatocrinus  and 
Stereocrinus^  in  which  the  second  radials  are  quadrangular  or  even 
absent,  and  which  should  perhaps  be  placed  more  properly  in  a 
group  by  themselves. 

The  form  of  the  second  radials  is  no  doubt  of  some  importance 
in  the  structure  of  these  crinoids.  In  species  in  which  they  are 
quadrangular  and  linear,  the  second  and  third  radials  together 
very  often  fail  to  attain  the  size  of  the  first  radial  plate.  In 
various  cases  of  Dolatacrinua^  AUoprosallocrinus  and  BatocrinuSj 
the  second  radials  are  so  small  that  they  are  discovered  with  diffi- 
culty, and  are  not  unfreqnently  in  single  rays  entirely  absent.  In 
species  in  which  the  plates  of  the  calyx  are  tuberculous,  they  are 
often  the  only  plates  which  bear  no  tubercle.  All  this  hints  at 
the  conclusion  that  the  second  and  third  radials,  which  combined 
take  the  form  of  a  single  biAircating  plate,  here  take  the  place  of 
a  single  plate  joined  by  syzygy ,  with  the  epizygial  part  bearing  an 
arm  instead  of  a  pinnule,  and  that  in  species  which  as  a  rule  have 
only  two  primary  radials,  but  otherwise  agree  with  some  other 
genus,  the  joints  became  perfectly  anchylosed.  Such  was  evi- 
dently the  case  with  Dolatocrinus  and  Stereocrinus^  Eucrinus 
and  Anthemocrinus^  Lecanocrinus  and  Pycnosaccvs.  In  Platy- 
crinus,  which  also  has  only  two  primary  radials,  the  division 
appears  yet  frequently  in  form  of  a  shallow  groove  at  the  surface 
of  the  plate,  where  the  earlier  Platycrinidse  have  a  regular 
suture. 

In  species  with  more  than  ten  arms,  the  rays  are  generally  com- 
posed of  two  main  divisions,  of  which  each  side  gives  off  arms  in 
opposite  directions.  The  only  exception  is  Steganocrinua  sculptue 
Hall,  in  which  the  ray  is  undivided  (PI.  18,  fig.  3).  In  this 
species,  the  third  primary  radials,  like  all  succeeding  plates 
(radials  of  superior  orders),  take  the  form  of  pinnule-bearing 
plates,  which,  instead  of  bifurcating,  give  off  laterally  arms  in 
the  same  manner  as  the  others  do  pinnules. 

This  is  of  interest,  as  it  leads  to  the  conclusion  that  probably 
the  secondary  radials — ^the  distichalia  of  Miiller — made  their 
appearance  in  the  young  crinoid  in  form  of  a  pinnule  given  off 
from  the  radials  which  at  first  formed  the  only  arms  of  the  ray. 

We  have  already  shown  in  our  general  remarks  on  the  family 
that  the  higher  orders  of  radials  were  in  the  young  animal  free 
arm  plates,  and  we  have  proved  by  many  examples  that  the  arms 
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spring  off  in  exactly  the  same  manner  as  the  pinnules,  and  they 
evidently  were  pinnule-like  in  their  earlier  form. 

The  earliest  Actinocrinida;  known  to  us  are  found  in  the  Upper 
Silurian,  but  the  species  and  even  genera  which  already  occur 
there  are  so  numerous,  and  show  such  variety  of  form,  and  some 
of  them  appear  to  be  so  highly  developed,  that  evidently  the  family 
had  been  represented  at  a  much  earlier  epoch.  It  is  possible  that 
Schizocrinus  Hall  of  the  Lower  Silurian,  which  is  imperfectly 
known,  should  be  refeiTed  to  the  Actinocrinidae,  but  it  may  have 
underbasals.  In  the  earlier  representatives  of  this  family,  the 
underbasals  form  the  criterion  by  which  alone  the  Actinocrinidae 
and  Rhodocrinidse  can  be  distinguished,  and  as  these  plates  in  the 
earlier  types  are  very  minute,  it  is  often  exceedingly  difficult  to 
make  the  separation.  In  Olyptocrinus  the  underbasals  may  per- 
haps be  absent  in  some  species,  but  when  visible  they  are  exceed- 
ingly rudimentary.  Species  without  them  might  be  referred, 
almost  with  the  same  propriety  to  the  Actinocrinidae,  and  indeed, 
they  have  a  remarkably  close  resemblance  to  species  of  Melocrinua 
and  Mariacrxnu%  with  four  basal  plates.  A  similar  relation  exists 
between  Dimerocrinus  and  Stelidiocrinus^  Olyptaster  and  JPerie- 
cJiocrinus^  which  can  be  distinguished  only  by  the  underbasals. 

In  Stelidiocrintis  and  Melocrinua^  we  recognize  representatives 
of  two  of  the  four  divisions  of  the  ActinocrinidaB  which  occur  in 
the  Upper  Silurian,  The  two  differ  essentially  in  the  relative 
size  of  their  body,  and  in  the  number  and  distribution  of  the 
plates  in  the  calyx,  but  agree  in  the  arrangement  of  their  anal 
area.  Carpocrinus  and  PeriechocrintiSj  which  belong  to  the  same 
geological  age,  are  separated  by  the  very  same  characters,  the 
former  agreeing  closely  with  StelidiocrinuSj  the  latter  with 
Melocrinus^hut  both  are  readily  distinguished  by  having  a  special 
anal  plate  in  line  with  the  first  radials. 

The  StelidiocrinUes  disappear  in  the  Upper  Silurian,  where 
they  are  first  known.  The  Feriechocrinites  and  Agmncocrinitea 
survived  to  the  Subcarboniferous,  the  former  to  the  Burlington, 
the  latter  to  the  Keokuk  epoch.  The  Melocrinites  became  extinct 
in  the  Devonian.  The  Actinocriniies  and  Batocrinites  are 
restricted  almost  exclusively  to  the  Subcarboniferous ;  a  few 
aberrant  forms  are  known  from  the  Hamilton  group.  The 
Actinocrinidx  became  altogether  extinct  after  the  age  of  the 
Warsaw  limestone. 
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We  arrange  the  six  sectionB  as  follows : — 

a,  8TSLZDIOCBINITK8. 

L  BriaroerinuM  Angelin.  4.  MacroUylocrintLM  Hall. 

2.  BUlidiocrinus  Angelin.  Sabgenus  CerUroerinut 

8.  PaieUioerintu  Angelin.  Waohsmnth  &  Springer. 

h,  AoABicocBinrrBfl. 

5.  Oarpoerintis  MQller«  6.  Agmruoerinui  Troost 

Subgenus  Desmidoerinus  Subgenus  AU&pro$aUocrinu$ 

Angelin.  I^yon  &  Caaaeday. 


6. 

7.  Mariacrinus  Waohsm.  &  Spr.        10.  SeyphotHmu  Zenker. 

8.  Teehno^nus  Hall.  It.  JhUUocrmui  Lyon. 

9.  Melocrinus  Goldfusa.  Sutigenus  Stersocrinui  Bairis. 

d.  PBBClECflOOBlM  ITKS. 

IS.  PeriechocrtnuB  Austin.  14.  Megi$t9erinut  Owen  &  Shumaid. 

It.  AbacoerintM  Angelin. 

e.  AcrriKOC'KiJsiTEB. 

19.  AeHnoerinu9  Miller.  19.  Phfftetocrinui  Meek  &  Worthen. 

li.  TdeiocrinuM  Wachsm.  ft  Spr.  30.  8tr9tocrinu$  Meek  &  Worthen. 

17.  8i9ganoerinus  Meek  ft  Wortben.  21.  Oemmaotriivm  Waebsm.  ft  Spr. 

18.  AmpPioraerinfu  Anstiii^ 

/.  BAToasximva. 

22.  Batocrinus  Casseday.  24.  Barfw%nu9  F.  Bsemer. 

28w  Bretmoeriimu  Lyon  ft  Oaaeeiay. 


a, 

1.  BBIASOCBIKUB  Angelin. 

1878.  Angelin.    Iconog.  Grin.  Suec^  p.  U 

1879.  Zittel.    Handb.  der  PalsMmt.,  i,  p.  867. 

3riarocrinus  represents  the  simplest  oenceivable  form  that  can 
be  admitted  among  the  Actinocrinids.  It  has  twa  interradial 
pbdes,  and  these,  in  the  typioal  species,  aro  sitnated  above  the 
line  of  the  third  primary  radials.  Its  perfb'cdj  etraigfit  arm 
joiots  suggest  an  immature  crinoidal  structure. 

M.  angttsttis  AngL  is  too  plainly  distinct  from  B,  infiatus  Angl., 
in  the  construction  of  the  plates  of  the  calyx,  and  particularly  in 
the  interradial  portions,  to  be  admitted  into  the  same  genns,  and 
as  it  agrees  with  no  other,  we  should  propose  it  as  the  type  of  a 
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new  genus,  if  we  had  before  us  specimens  instead  of  a  single 
fignre.    For  want  of  material,  we  leave  it  here  for  the  present. 

Angelin  and  Zittel  arranged  Briarocrinus  under  a  separate 
fkmily,  in  which  the  latter  includes  Culicocrinus.  It  is  true  that 
B,  inflatuB  deviates  from  all  other  Actinocrinidse  in  its  interradial 
parts,  but  it  differs  fully  as  much  fl'om  Culicocrinus  in  the  same 
characters,  the  latter  being  decidedly  a  Platycrinoid .  Briarocrinus^ 
in  our  opinion,  leans  rather  toward  the  Ichthyocrinidfle,  with 
which  it  agrees  in  the  alternate  arrangement  of  the  radial  plates, 
but  it  has  evidentjy  not  their  pliant  body. 

Generic  Diagnosis. — Calyx  cup-shaped ;  sjrmmetry  pentahedral, 
with  some  inequality  in  the  sides  due  to  irregularities  in  the  radial 
series. 

Basals  three,  usually  large,  two  of  them  equal  and  larger  than 
the  third.  Primary  radials  3X5,  wider  than  high,  joining 
laterally.  The  third  is  a  bifurcating  plate  with  very  obtuse 
upper  angles,  supporting  in  almost  vertical  succession  3  X  10 
secondary  radials,  which  are  half  the  width  of  the  primary  radials, 
and  interlock  up  to  the  second  plate;  the  third  pair  being 
separated  by  a  small  axillary  piece.  The  radials  are  generally 
irregular  in  form,  even  those  of  a  like  order  or  series  are  differing 
markedly  among  each  other  in  height  and  width.  In  some  of  the 
rays,  the  first  radials  are  larger  by  half  than  in  others,  and  in 
these  the  second  radials  are  much  higher  and  generally  wider ;  in 
others  only  one  side  of  the  plate  is  lower,  a  construction  pro- 
ducing a  sort  of  alternate  arrangement  of  the  plates,  which 
extends  up  to  the  secondary  radials.  The  plates  of  this  second 
order  are  separated  from  each  other,  laterally,  by  a  line  of  two 
small  interradial  pieces,  which  in  alternate  rays,  respectively,  rest 
upon  the  upper  comers  of  two  of  the  third  primaries,  or  upon  the 
upper  sloping  side  of  the  first  secondary  radial. 

Arms  ten,  supported  directly  upon  the  secondary  radials ; 
heavy,  simple,  composed  of  single  transverse  round  joints,  with 
parallel  sutures  and  long  pinnules. 

Posterior  or  anal-side,  so  far  as  known,  not  distinct. 

Column  round. 

In  the  absence  of  interradial  plates  between  the  primary  radials, 
aad  in  the  alternate  arrangement  of  the  kttter,  this  genus  difllsm 
froan  all  others  of  the  family. 
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Oeological  Position^  etc. — Found  thus  far  only  in  the  Upper 
Silurian  of  Sweden. 

1878.  Briaroerinni  inflatni  Angelin.    loonogr.  Crin.  Suec,  p.  1,  PI.  10,  fig.  2?. 

Upper  Silur.    Gothland,  Sweden. 
(?1  1878.  BrUroer.  angHBtai  Angelin.    loonogr.  Crin.  Soec,  p.  1,  PI.  10,  fig.  22. 

Upper  Silar.    Gothland,  Sweden. 

2.  STELIDIOCaiVrrS  Angelin. 
(Amend.  Wachsmuth  and  Springer.) 

1878.  Angelin.    Iconogr.  Crin.  Quec,  p.  21. 

1879.  Zittel.    Handb.  der  PalsBont.,  i,  p.  846. 

Syn.  ndrmoerinus  Angelin.    Iconogr.  Crin.  Suec.,  p.  22. 

We  are  obliged  to  include  Angelinas  genus  Harmocrinus  in 
Stelidiocrinus.  A  few  additional  interradial  or  interaxillary 
plates  do  not  alone  warrant  a  generic  or  even  subgeneric  separa- 
tion. According  to  Angelin  and  Zittel,  Stelidiocrinus  and 
Harmocrinus^  with  Hall's  Schizocrinus^  form  a  distinct  family. 

The  genus  now  under  consideration  is  in  more  than  one  respect 
an  interesting  form  with  reference  to  the  Palseontologic  history  of 
the  Crinoids.  It  is  the  only  genus  of  the  Actinocrinidie  which 
has  five  basal  plates,  none  of  them  being  anchylosed,  and  as  this 
is  one  of  their  earliest  representatives,  there  can  be  little  doubt 
that  the  basals  in  this  fiEimily,  whether  composed  of  a  single  piece 
or  of  three  or  four,  were  derived  originally  from  five.  The  rela- 
tions also  between  this  genus  and  Dimerocrinus  of  the  Rhodo- 
crinidffi  are  so  close,  that  it  may  be  asked  whether  the  presence  of 
underbasals,  which  form  the  only  distinction,  should  be  considered 
of  more  than  generic  importance.  It  shows,  at  all  events,  the 
very  close  relations  that  exist  between  the  two  sub-families.  There 
is  also  to  be  seen  within  the  limits  of  this  genus,  a  modification 
of  the  arms  from  interlocking  single  Joints  to  a  double  series  of 
plates. 

Oeneric  Diagnosis. — Body  small.  Calyx  subturbinate  or  sub- 
ovate,  without  surface  ornamentation ;  ludial  plates  prominently 
elevated  above  the  interradial  areas,  but  not  producing  sharp 
carinae. 

Basals  five,  equal,  quadrangular,  upper  angles  acute.  Primary 
radials  3X5;  the  first  large,  wider  than  high,  lunate,  hexagonal ; 
the  second  quadrangular,  shorter  and  much  narrower ;  the  third 
pentagonal,  almost  as  wide  but  not  as  high  as  the  first.    Second- 
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ary  radials  2  to  4  x  1^?  wider  than  high,  8upx>orting  in  direct 
line  a  single  rather  stout  arm  or  ten  in  all.  It  is  possible  that  the 
number  of  secondary  radials  varies  with  age,  and  that  there  are 
four  in  the  adult. 

Arms  composed  either  of  a  single  row  of  cuneiform  plates 
slightly  interlocking,  or  of  two  rows  of  short  plates  alternately 
arranged. 

Interradials  four  to  eight;  the  first  large,  resting  upon  the 
sloping  sides  of  the  first  mdials  and  between  the  second  and  third 
of  adjacent  rays,  the  succeeding  plates  much  smaller  and  connect- 
ing with  the  vault  pieces.  Posterior  area  wider;  the  first  anal 
piece  in  line  with  the  first  interradials,  the  second  and  third 
ranges  consisting  of  two  instead  of  three  pieces.  Anus  in  form 
of  a  simple  lateral  opening  similar  to  Dorycrinus, 

Yault  compressed,  composed  almost  exclusively  of  the  apical 
dome  plates,  which  are  unusually  large.  In  Stelidiocr.  capitulum, 
the  vault  is  constructed  of  only  twenty-three  pieces,  the  smallest 
possible  number  of  which  a  species  with  ten  arms  can  be  composed 
in  accordance  with  the  rule  prevailing  among  these  crinoids.  It 
consists  of  the  central  piece,  the  six  proximal  plates,  a  single  anal, 
and  three  radials  to  each  ray.  The  two  secondary  radials  of  the 
dome  are  exceedingly  small,  while  the  proximal  vault  pieces 
occupy  almost  three-fourths  of  the  entire  summit. 

Column  roimd,  articulating  faces  crenulated. 

The  genus  resembles  PatelHocrinus,  but  differs  from  it  and  all 
similar  genera  in  the  number  of  basal  plates. 

Geological  Position,  etc, — Restricted  to  the  Upper  Silurian  of 
Europe. 

We  recognize  the  following  species . — 

1878.  Stalidioeriaiii  oapitnlnm  Angelin.    Type  of  the  genu?.   Iconogr.  Crin.  Suec., 

p.  21,  PI.  J  7,  figi.  5a-g.    Upper  Silur.     Gothland,  Sweden. 
*1878.  SUUdioor.  longimanns  Angel.    (Haraoer.  longimanas).    Iconogr.  Crin. 

Sneo.,  PL  21,  figs.  6,  7.    Upper  SiUir.    Gothland,  Sweden. 
1878.  Btelldioer.  kBTis  Angelin.    Iconogr.  Crin.  Suec.,  p.  21,  PI.  15,  figs.  20,  20a; 

also  PL  27,  figs,  S,  3a,  (not  PL  28,  figs.  7,  a,  b).    Upper  Silur.     Gothland, 

Sweden. 
Angelinas  figures  are  not  so  reliable  as  could  be  wished.    Those  of  ^S*.  iMvit  on 

PL  15  have  single  jointed  arms,  while  those  on  PL  27  have  a  double  series  of 

plates.    It  may  be  possible  that  the  former  are  taken  from  a  young  specimen. 

The  figures  7  a  b,  on  PL  28  are  evidently  referred  to  this  genus  by  oversight,  . 

at  they  are  el^rly  of  DttmidcferinuB  mncrod^ctylut, 
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1878.  (1)  Stelidioer.  OTalis  Angelio.  Iconogr.  Crln.  Saec.,  p.  21,  PI.  19,  fig.  6. 
Upper  Silur.  Gothland,  Sweden. 
This  species  differs  from  Stel{diocrinu§  in  several  important  points  and  ought 
to  be  separated  from  it.  To  jadge  from  the  constrnction  of  the  anal  plates 
it  should  be  removed  to  the  Agariooorinites,  but  it  is  possible,  if  the  figure 
is  correct,  and  the  interradial  plates,  as  there  represented,  extend  to  the 
basals  in  all  five  areae,  that  it  posscsies  underbasals,  and  properly  belongs 
to  the  RhodocrinidsB.  We  refrain  from  proposing  new  generic  names 
for  these  straggling  forms,  as  we  cannot  altogether  depend  upon  the  figures, 
and  we  hope  they  will  be  taken  up  by  investigators  more  familiar  with 
these  types,  and  who  have  access  to  the  epechnens. 


S.    FATELLIOCSIHnS  AngeliQ. 

1878.  Angelin.     Iconogr.  Crin.  Suec,  p.  1. 

1879.  Zittel.      Handb.  der  Palsont,  p.  368. 

Several  of  these  species  referred  by  Angelin  to  this  genus 
belong,  in  our  opinion,  to  very  distinct  genera.  His  Fat,  duplica- 
tus  has  not  only  four  arms  to  the  ray,  but  as  we  judge  from  the 
shape  and  size  of  the  basals,  evidently  had  underbasals ;  also  the 
first  anal  plate  is  in  line  with  the  first  radials,  while,  in  all  other 
species  of  Patelliocrinus  those  plates  are  ranged  with  the  second 
radials.  In  Pat.  fulminatus  the  calyx  is  but  imperfectly  pre- 
served, but  we  judge  from  what  is  exposed,  that  this  species  was 
closely  allied  to  another  figured  in  Iconogr.,  PI.  18,  fig.  1 6,  as  Melocr. 
Volborthi}  Both  species  have  branching  arms,  unlike  PateU 
liocrinus,  and  are  probably  generically  identical.  We  should 
propose  for  them  a  new  genus,  if  we  had  more  perfect  figures  for 
description. 

Zittel  made  Patelliocrinus  a  synonym  of  Dimerocrinus  Phill., 
which,  however,  has  five  basals  instead  of  three,  and  underbasals. 
In  his  classification  he  arranges  Dimerocrinus  with  DolatocHnus, 
Cytocrinus  with  MacrostylocrinuSj  and  all  under  the  Patellio- 
crinidae. 

Patelliocrinus  is  one  of  those  genera  in  which  the  arms  as  a 
rule  are  neither  single-  nor  double-jointed,  and  sometimes  scarcely 
interlocking  at  all,  resembling  herein  Eupachycrinus  and  Eriso- 
crinus  of  the  Cyathocrinidae. 

Generic  Diagnosis — General  form  oblong.  Calyx  patelliform  ; 
symmetry  almost  perfectly  equilateral. 

^  We  take  it  that  Melocr,  Volbarthi  is  represented  by  PI.  7,  figs.  7  to  11, 
which  is  an  entirely  different  thing  from  PI.  18,  fig.  16. 
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Basals  three,  unequal ;  tw</  of  them  pentagonal,  the  third 
smaller  by  one-half,  and  quadriuigular.  Primary  radials  3X5; 
the  first  ones  forming  laterally  a  continuous  ring,  larger  than 
those  succeeding,  heptagonal,  the  lateral  margins  very  long ;  the 
second  quadrangular,  wider  than  high;  the  third  axillary  of 
medium  size,  upper  angle  obtuse.  Secondary  radials  2X10, 
which  directly  support  the  arms,  or  sometimes  the  second  plate 
is  the  bifurcating  piece,  and  supports  upon  the  inner  and  wider 
sloping  side  an  arm  ;  upon  the  smaller  side  an  extraordinary  large 
pinnule,  which  takes  the  direction  of  the  arm,  being  more  erect 
than  the  succeeding  pinnules,  and  twice  as  heavy.  The  arms  are 
large,  heavy  at  the  base,  and  towards  the  tips  gradual!}'  tapering 
into  a  sharp  point.  The  proximal  arm  plates  are  large,  resembling 
secondary  radials,  and  like  them  are  decreasing  in  height  up- 
ward ;  succeeding  joints  cuneate,  gradually  passing  into  two 
rows  of  interlocking  pieces.  In  P.  pinnulatus  they  pass  scarcely 
beyond  the  earliest  stage  of  interlocking  arms ;  in  P.  chiastodac' 
tylu8  the  arms  remain  single-jointed  throughout,  but  the  joints 
are  stronglj-  cuneiform.  Pinnules  long,  rather  strong,  and  com- 
posed of  single  joints, 

Interradials  three,  the  first  very  large,  with  a  small  one  in  the 
second,  and  a  still  smaller  triangular  one  in  the  third  series,  the 
latter  abutting  against  the  large  proximal  arm-like  pinnules. 
There  are  some  species  with  five  interradials,  having  two  plates  in 
the  second,  and  two  in  the  third  range.  Anal  side  not  structurally 
distinct. 

Yault  unknown,  anal  aperture  apparently  lateral. 

Column  cylindrical. 

This  genus,  in  its  general  habitus,  resembles  Agaricocrinus^ 
particularly  its  earlier  and  smaller  species  ;  but  the  two  genera  are 
very  distinct  in  the  construction  of  the  anal  area. 

Geological  Position^  etc. — Patdliocrinus^  so  far  as  now  known, 
is  confined  to  the  Upper  Silurian  of  Europe. 

We  recognize  the  following  species : — 


1878.  Fatellioorinus  ohiaitodaotylui  Angelin.    Icongr.  Crin.  Succ,  p.  1,  PI.  19, 

fig.  12.     Upper  Silur.     <rutblaii(],  Sweden. 
1878.  Patellioor.  interradias  Angelin.     Iconogr.  Crin.  Suec.,  p.  2,  PI.  22,  fig.  10. 

Upper  Silur.     Gothland,  Sweden. 
1878.  Fatelliocr.  leptodaotylns  Angelin.    Iconogr.  Crin.  Suec.,  p.  2,  PI.  16,  figs.  26, 

31.     Upper  Silur.     (Sothland,  Sweden. 
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1878.  Fatellioor.  paohydaotylni  Angelin  (^pe  of  the  genus).    Iconogr.  Grin.  Snec., 

p.  1,  PI.  16,  figs.  24,  25.     Upper  Silur.    Gothland,  Sweden. 
1878.  Fatellioor.  pinnulatas  Angelin.    loonogr.  Crln.  Sueo.,  p.  2,  PI.  24,  fig.  5  and 

PI.  26,  fig.  18.    Upper  Silur.    Gothland,  Sweden. 
1878.  Fatellioor.  plnmnloiai  Angelin.    loonogr.  Grin.  Suec.,  p.  2,  PI.  22,  figs.  8,  9. 

Upper  Silur.    Gothland,  Sweden. 
1878.  Fatellioor.  pnnotnoius  Angelin.    Iconogr.  Grin.  Sneo.,  p.  2,  PI.  23,  fig.  26. 

Upper  Silur.    Gothland,  Sweden. 
The  two  following  species,  which  were  described  by  Angelin  under  this  genus, 

cannot  be  brought  with  satisfaction  under  this  or  any  other  established 

generic  form. 
(?)  1878.  Fatellioor.  daplioatm  Angelin.    Iconogr.  Grin.  Suec,  p.  1,  PI.  19,  fig.  5. 

Upper  Silur.    Gothland,  Sweden. 
(?)  Fatellioor.  fulminatni  Angelin.    Iconogr.  Grin.  Suec.,  p.  2,  PI.  26,  figs.  14,  14 

a  b.    Upper  Silur.    Gothland,  Sweden. 


4.  MACBOSTYLOCBIirnS  Hall. 

1852.  HaU.  Paleont,  New  York,  vol.  ii,  p.  203. 

1863.  Hall.  Trans.  Albany  Inst.,  p.  207. 

1879.  HaU.  28th  Rep.  New  York  St.  Cab.  Nat.  Hist.  (2d  ed.),  p.  129. 

1879.  Zittel.    Handb.  der  Paleont.,  p.  368. 

This  genus  has  been  frequently  identified  with  Gtenocrinus 
Bronn,*  and  with  Cifipcrinus  Roemer.* 

It  has  been  shown,  however,  by  Sehultze  (Mon.  Echin,  Eifel 
Kalk,  p.  62),  that  Ctenocrinus  has  four,  and  not  three  or  five 
basal  plates  as  supposed  by  previous  authors,^  and  we  can  state 
positively,  that  we  have  also  found  four  instead  of  three  in  Cyto- 
crinus  Ixms  Roemer.  This  discovery  leaves  no  doubt  that  the 
two  genera  are  identical  with .  each  other,  as  well  as  with  Melo- 
crinus  Goldfuss,  but  distinct  from  MacrostylocHnus. 

In  the  construction  of  the  calyx,  MacrosJtylocrinus  resembles 
the  preceding  genus,  the  two  varying  only  in  tbe  proportionate 
size  of  the  different  plates ;  but  this  gives  them  a  totally  different 
appearance. 

In  its  general  habitus  3lqcro8tylocrinu8  approaches  the  Periecho- 
crinites^  while  FateUiocrinus  is  a  step  in  the  direction  of  the 
Agaricocrinites,  We  are  sure  that  the  vault  of  Macrostylocrinus 
when  found,  will  prove  to  be  constructed  of  a  great  number  of 
minute  pieces,  while  we  shall  expect  in,  FateUiocrinus  a  summit 

1  Bronn's  Jahrbuch,  1840,  p.  252. 
»  Silur.  Fauna,  West  Tenn.,  p.  4ft 
^  Compare  our  notes  on  Melocrinut. 
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more  like  that  of  SfeliduKrinus,  which  is  composed  of  but  few 
and  large  plates. 

Zittel  places  MacrodylocrinuH  with  Dimerocrinus^  Dolatoannus 
and  Ctjtocrinm  under  the   Dimeroeriiiidjt. 

Generic  Dia(jnoi<is. — Calyx  subglobose  to  urn-shaped,  as  liigh  or 
higlier  than  wide ;  surface  gran ulose-str late,  or  only  granulose ; 
the  five  sides  almost  perfectly  equilateral. 

Basals  three,  comparatively  large,  forming  a  more  or  less  shallow 
cup,  two  of  them  equal  and  pentagonal,  the  third  smaller  by  half 
and  quadrangular.  Primary  radials  3X5;  the  first  series  large  ; 
the  second  hexagonal,  less  than  half,  sometimes  searcelj'  one-tliird 
the  size  of  the  first,  wider  than  high  ;  the  third  pentagonal,  smaller 
than  the  second,  supporting  one  or  more  secondary  radials  in  a 
direct  line,  which  support  the  arms.  Arms  only  known  in  31. 
ornatus^  where  they  are  long,  simple,  composed  at  the  base  of  a 
single  row  of  alternately  arranged  wedge-form  pieces,  which,  from 
the  sixth  or  seventh  plate  up,  interlock  with  each  other,  and  gradu- 
ally pass  into  a  double  series. 

Interradial  area  more  or  less  depressed,  deeper  between  the 
arm-bases,  in  consequence  of  which  the  radial  portions  of  the  calyx, 
and  especially  the  secondarj*  radials,  are  somewhat  lobed,  which 
is  characteristic  of  this  genus,  and  which  distinguishes  it  readily 
from  the  related  form  PatcUiocrinuH,  First  interradial  large, 
hexagonal,  supporting  two  small  plates  in  the  second  scries. 
Anal  area  slightly  wider,  and  with  three  plates  in  place  of  two  in 
the  second  range. 

Geological  Position,  etc. — Macrostylocrinus  is  confined  to  the 
Niagara  group  of  America. 

The  following  species  are  known  : 

*1864.  MaorostylooriBns  Meeki  Lyon.  (Aotinoor.  Xeeki).    Proc.  Acad.  Nat.  Soi. 

Phila.,  p.  411,  PI.  4,  figs.  4  a  b.     Niagara  gr.     Jefferson  Co.,  Ky. 
Sgn,  Cyathoor.  faioUtns  Hall.     28th  Rep.  New  York  St.  Cab.  Nat.  Hist.  (Ist 

ed.),  PI.  13,  figs.  5  and  6 ;  Wachsm.  and  Spr.     Revision  i,  p.  86.     Waldrun. 

Ind. 
Syn.  Maoroityloorinus  faioiatas  Hall.    lb.  (2d  edit.),  p.  130. 

1862.  Xaeroityloor.  onuttm  Hall  (Type  of  the  genns).     Paleont.,  New  York,  ii,  p. 

204,  PL  40,  figs.  4  a-g.     Niagara  gr.     Lockport,  N.  Y. 

1863.  Kaerostyloor.  Striatm  Hall.     Trans.  Albany  Inst.,  iv,  p.  207 :  also  20th  Rep. 

New  York  St.    Cab.  Nnt.  Hist.,  1S67,  p.  327,  PI.  10,  fig.  7.     Niagara  gr. 
Waldron,  Ind.,  and  Racine,  Wis. 
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Subg^'Dus  CEKTS0CSINTJ8  Wach^m.  and  Spr. 

This  genus  should  not  be  confounded  with  Centrocrinus  Austin,* 
which  in  1843,  was  proposed  to  distinguish  a  certain  form  of 
Platycrinus,  but  based  altogether  upon  conjecture  and  incorrect 
observation. 

The  generic  form  now  suggested  embraces  at  present  only  two 
species,  Lyon's  Actinocrinus  pentaspinus  and  his  A.  muliicornus^ 
of  which  we  propose  the  former  as  the  type.  The  two  differ  from 
Actinocrinus  essentially  in  the  construction  of  the  anal  area, 
having  no  plate  in  line  with  the  first  radials.  The  nearest  allied 
genus,  and  under  which  we  place  it  subgenerically,  is  Macrostylo- 
cTnnus,  but  this  has  three  anal  plates  in  the  second  series,  in  place 
of  two,  while  in  Centrocrinus  the  posterior  side  is  not  in  any  w&y 
distinct  from  the  other  four.  The  spiniferous  form  of  some  of 
the  body  plates  has  suggested  the  name. 

Generic  Diagnosis, — Calyx  subcylindrical ;  symmetry  perfectly' 
pentahedral ;  the  principal  plates  produced  into  spines ;  the  calyx 
in  its  lower  portions  almost  resembling  Platycrinus,  owing  to  the 
form  and  size  of  basals  and  first  radials. 

Basal  disk  large,  pentagonal,  composed  of  three  unequal  pieces, 
two  of  them  pentangular,  and  twice  the  size  of  the  third,  which 
is  quadrangular. 

Primary  radials  3X5;  the  first  very  large  and  spiniferous ; 
second  radials  much  smaller  than  the  first,  short  and  quadrangular 
or  nearly  so ;  third  radials  pentangular,  sometimes  triangular,  as 
shoit  as— and  occasionally  narrower — than  the  second.  Secondarj* 
radials  1  X  10,  bent  abruptly  outward  and  supporting  the  arms. 
There  are,  so  far  as  known,  two  arms  to  each  ray. 

Interradials  four  to  five ;  the  first  large  and  frequently  spinifer- 
ous, deeply  inserted  between  the  first  radials,  in  which  the  upper 
lateral  margins  are  exceptionally  long;  second  series  composed 
of  two  plates,  much  smaller  than  the  first ;  third  series  consisting 
of  one  or  two  plates,  located  between  the  arm  bases.  Anal  area 
not  distinct.     Construction  of  vault  and  arms  unknown. 

Column  round,  central  canal  round. 

Geological  Position^  etc, — Only  known  from  the  Devonian  of 
America. 

*  Mon.  Rec.  and  Fobs.  Grin. ,  p.  6,  proposed  for  species  of  Platycrinug 
''with  central  valvate  unobtrusive  mouths,  or  mouths  capable  of  being 
withdrawn  into  the  visceral  cup.*'  » 
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*I860.  Cantroor.  mnltiooniiii  Lyon  (Aotlnoor.  mulUoomai).  Trans.  Amor.  Philos. 
Soc.y  vol.  13,  p.  455,  PI.  27,  fig.  e ;  also  Hall,  Paleont.  N.  T.,  vol.  v,  Pt  ii, 
p.  6,  (advance  sheets  1878).    Kuoleocrinus  bed.    Falls  of  the  Ohio. 

'I860.  Centroer.  pentaspinni  Lyon  (AoUnoor.  pentaipinns).  Typo  of  the  sub- 
genus. Trans.  Amer.  Philos.  Soc.,  vol.  13,  p.  453,  PI.  27,  figs,  d,  d  1 ;  also 
Hall,  PaleonL  N.  Y.,  vol.  v,  Pt.  ii,  p.  6,  (advance  sheet).  Nucleoorinas  bed. 
Falls  of  the  Ohio. 

5.   AGABICOCRIHirBS. 

5.  CABFOCBIVT78  Muller. 

(Amend.  Wachsm.  and  Spr.) 

1841.  Muller.    Monatsb.  Berl.  Akad.  Wlssensch.,  i,  p.  208. 
1855.  Muller.    Yerhandl.  naturh.  Vcrein,  xii,  p.  19. 
1855.  F.  Roemer.    Lethsea  Geogn.  (Ausg.  8),  p.  237. 
1857.  PicW;t.     Traits  de  Paleont.,  iv,  p.  328. 
1879.  Zittel.    Handb.  d.  Paladont,  i,  p.  19. 

Syn.  Phoenicoerinus  Aust.  1843,  Ann.  and  Mag.  Nat.  Hist.,  xi,  p.  205. 

Syn.  Abracrinus  D'Orb.  1850,  Prodr.  de  PaKiont.,  i,  p.  47.  (Not  Ibid. 
p.  156)  ;  also  Course  ^lem.  de  Paleont.,  ii,  p.  144. 

Syn.  Habrocrintis  Angelin,  1878,  Iconog.  Crin.  Suec,  p.  3. 

Syn.  PionoerinuM  Angelin.    Ibid.,  p.  4. 

Angelin  and  the  two  Austins,  in  proposing  their  genera  Piono- 
crimes  and  Phoenicocrinus^  were  evidently  not  acquainted  with 
the  genus  Garpocrinus^  which  had  previously  been  described  by 
Miiller.  Under  CarpocrinuSy  Miiller  placed  Actinocrinus  simplex 
and  A,  expansus  Phill.,  but  as  the  two  species  represent  different 
generic  forms,  as  a  rule,  the  first  becomes  the  type  of  the 
genus,  and  C,  simplex  has  been  recognized  as  such  in  1855  b}' 
Roemer.  Neither  can  we  accept,  not  even  subgenerically,  Ilabro- 
crinus  (Abracrinus)  D'Orbigny,  which  differs  from  Pionocrinus 
solely  in  having  a  few  more  interradial  plates.  Closely  allied  is 
also  Desmidocrinus  Angelin,  which,  however,  has  an  additional 
arm  to  each  ray,  with  slight  deviations  in  the  arm-structure. 
Whether  this  is  sufficient  for  a  separation  from  Carj^ocrinus^  we 
do  not  wish  to  decide,  but  it  should  clearly  be  no  more  than 
subgeneric. 

Pictet  places  Carp>ocrinus  with  Forbesiocrinus,  TaxocrinuSy 
Oraphiocrinus,  Lyriocrinus  and  Scyphocrinus  under  the  Carpo-' 
criniens;  while  D'Orbigny  and  Roemer  connect  it  with  the  Cyatho- 
crinidse.  Austin  combines  PhoenicocHnus  with  Dimerocrinus 
and  Tetramerocrinus  under  his  Merocrinidro. 
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Zittcl  unites  Habrocrinua,  CarpocrinuSj  Deamidocrinus  and 
Leptocrinus  under  Carpocrinidse. 

The  pinnules  in  this  genus  are  exceedingly  interesting.  In 
some  of  the  species  (compare  Angelinas  figures),  we  find  toward 
the  interradial  side  the  proximal  pinnule  much  larger.  It  is  given 
off  from  a  second  secondary  radial,  which  is  converted  into  a  regular 
bifurcating  plate ;  it  stands  more  erect  than  the  other  pinnules, 
its  lower  portions  embraced  within  the  body  walls,  its  upper  and 
free  parts  following  the  direction  of  the  arms.  The  construction 
is  such  that  we  cannot  doubt  these  large  pinnules  form  a  link 
between  arms  and  pinnules,  which  finally  in  Desmidocrinus  became 
transformed  into  regular  arms. 

Generic  Diagnosis. — General  form  oblong;  calyx  short, cyathi- 
form ;  symmetry  bilateral 

Basals  three,  short ;  two  of  them  equal,  the  third  smaller  by 
one-half.  Primary  radials  3X5;  the  first  larger  than  the  other 
two ;  the  second  short,  quadrangular  or  hexagonal ;  the  third 
axillary  giving  off  two,  rarely  3  X  10  secondary  radials.  The 
latter  are  rounded  at  the  dorsal  side,  in  form  almost  resembling 
arm-joints,  but  larger,  especially  higher.  The  secondary  radials 
support  directly  the  arms,  of  which  there  are  ten  to  the  entire 
individual,  and  these  remain  simple  throughout. 

The  arms  are  long,  heavy,  cylindrical,  tapering  at  their  tips, 
and  are  composed  of  short  single  joints,  with  parallel  sutures. 
Pinnules  long,  thread-like,  composed  of  a  great  number  of  joints. 

Interradials  from  two  to  three  in  two  series;  the  first  plate 
large,  the  upper  series  generally  very  small  and  indistinct.  Some 
of  the  larger  species  have  a  third  series  with  their  plates  decreas- 
ing in  size  upward. 

Anal  area  considerably  wider,  and  composed  of  many  more 
plates.  The  first  anal  plate  in  line  with  the  first  radials,  and  fully 
as  large  and  even  larger.  There  are  three  plates  in  the  second 
series,  somewhat  smaller  than  those  of  the  first,  and  generally 
three  in  each  succeeding  series,  all  arranged  in  longitudinal  rows. 

Interaxillary  plates  from  none  in  the  very  small  species,  to  one 
or  three  in  larger  ones. 

Vault  only  partly  known.  In  Carpocrtnus  omatus  (Iconogr. 
Crin.,  PI.  27,  fig.  5)  it  seems  to  have  been  composed  of  a  large 
number  of  plates,  among  which  the  apical  dome  plates  are  easily, 
distinguished  by  their  larger  size :   radial  portions  covered  by 
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two  rows  of  low  transversed  pieces ;  interpalmar  fields  paved  by 
somewhat  larger  and  elongate  plates. 

Column  cylindrical,  strong. 

Carpocrinus  differs  from  all  preceding  genera  in  having  a 
spherical  anal  plate  in  line  with  the  first  radials,  and  from  Agari- 
cocrinas  in  having  single  arm  joints. 

Geological  Position^  etc. — From  the  Upper  Silurian  of  England 
and  Sweden. 

We  place  here  the  following  species : 

1878.  Carpoerinns  afflnii  Angelin  (Pionocr.  ai&nis.)    loonogr.  Crin.  Suec,  p.  5, 

PI.  22,  fig.  7.     Upper  Silur.     Gothland,  Sweden. 
1878.  Carpoer.  annnlatua  Angol.  (Habroor.  annalatm.)    Iconogr.  Crin.  Suoo.,  p.  4, 

PI.  22,  fig.  15.     Upper  Silur.     Gothlaod,  Sweden. 
1878.  Carpoor.  carioiolui  Angel.  (Habrocr.  carioiolui.)    Iconogr.  Crin.  Sueo.,  p. 

Sy  PI.  3,  figs.  7,  7  a.     Upper  Silar.     Gothland,  Sweden. 
1878.  Carpoor.  oomptas  Angel.  (Habrocr.  oomptui.)    Iconogr.  Crin.  Suoo.,  p.  4, 

PI.  22,  fig.  13.    Upper  Silur.     Ciothland,  Sweden. 
1878.  Carpoor.  deoadaotylus  Angol.  (Habroor.  decadaotylai.)     Iconogr.  Crin. 

Saeo.,  p.  4,  PI.  15,  figs.  18,  19.     Upper  Silur.     Gothland,  Sweden. 
1878.  Carpoor.  olongatnlns  Angel.  (Pionoor.  olongatului.)    Iconogr.  Crin.  Suec., 

p.  5,  PI.  22,  figs.  16,  17.     Upper  Silur.     Gothland,  Sweden. 
1878.  Carpoor.  CarotUB  Angel.  (Pionoor.  farctns.)    Iconogr.  Crin.  Suec.,  p.  5,  PI. 

16,  fig.  23,  and  PI.  22,  figs.  5,  6.     Upper  Silur.     Gothland,  Sweden. 
1878.  Carpoor.  grandis  Angel.  (Habroor.  grandii.)    loonogr.  Crin.  Succ.,  p.  4,  PI. 

26,  fig.  10.    Upper  Silar.    Gothland,  Sweden. 
1878.  Carpoor.  grannlatai  Angel.  (Habroor.  grannlatm.)    Iconogr.  Crin.  Saeo., 

p.  4,  PL  19,  figs.  13, 13  a.     Upper  Silur.     Gothland,  Sweden. 
1878.  Carpoor.  IsbtIs  Angel.    (Habroor.  leBvii )    loonogr.  Crin.  Suec.,  p.  4,  PI.  19, 

figs.  21,  a,  b.     Upper  Silar.     Gothland,  Sweden. 
1878.  Carpoor.  longimanua  Angol.  (Harbroor.  longimanni.)   Iconogr.  Crin.  Suec.y 

p.  4,  PL  22,  figs.  11, 12.     Upper  Silur.    Gothland,  Sweden. 
1878.  Carpoor.  omatifltiinas  Angelin.    (Habroor.  omatisiimui.)    Iconogr.  Crin. 

Sueo.,  p.  4,  PL  6,  fig.  9.     Upper  Silur.     Gothland,  Sweden. 
187^.  Carpoor.  omatna  Angel.   (Habroor.  omatas.)  loonogr.  Crin.  Saec.,  p.  4,  PI. 

21,  figs.  19,  20  and  PL  26,  figs.  11,  12  and  PL  27,  fig.  5.   Upper  Silur.  Goth- 
land, Sweden. 
Figi.  12  a,  b,  on  PL  26,  represent  the  convoluted  digestive  organ  of  this  species. 

Its  lateral  sides  are  enclosed  by  a  delicate  intorviscoral  network  of  pontan- 

galar  outline.       A  similar  plexus   has  been  observed  in  SubcarboniferouB 

genera,  bat  always  parallel  with  the  walls  of  the  body. 
•1879.  Carpoor.  pinnalatua  Angel.  (Habrocr.  pinniilatai.)    Iconogr.  Crin.  Soeo., 

p.  4,  PL  22,  fig.  14.     Upper  Silur.     Gothland,  Sweden. 
This  species  differs  from  the  typical  form  by  having  in  two  rays  an  additional 

arm. 
*1878.  Carpoor.  pnlcliolliii  Angol.    (Pionoor.  pnlchellns.)    Iconogr.  Crin.  Soeo., 

p.  5,  pi.  3,  figs.  9,  9  a.     Upper  Silur.     Gothland,  Sweden. 
*1878.  Carpoor.  robuitna  Angel.    (Habroor.  robnitua.)    Iconogr.  Crin.  Saeo.,  p.  4, 

pL  22,  fig.  19.    Upper  Silurian.     Gothland,  Sweden. 
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1889.  Carpoor.  simplex  Phill.  (Aetinoer,  limplex.)  Apad  Marehlson,  Silar.  Syst., 
p.  673,  PI.  18,  fig.  8;  Auitin,  1843,  Fhoeniooorinites  limplez,  Ann.  and 
Mag.  Nat.  Hist.,  zi,  p.  2C5 ;  D'Orbigny,  1850,  Abraorinui  limplez,  Prodr. 
Paleont,  i,  p.  47;  Roemer,  1855.  Carpoorinus  timplez,  L«th»a  Geogn  , 
(Ausg.  3),  p.  237;  Salter,  1870,  Tazocr.  limplez,  Cat.  Geol.  Mns.  Cambr., 
p.  125;  Angelin,  1878,  Fionocr.  simplex,  leonogr.  Grin.  Sneo.,  p.  5,  pi.  15, 
15  a.  Dadley,  England  and  Gothland,  Sweden. 
Sifn,  (?)  Actinoor.  tesseraoontadaetylus,  Hisinger,  1837,  (not  Goldf.),  Lethsa 
Saeoia,  p.  9d,  PL  35,  figs.  4,  a-b;  D'Orbigny,  1850.  lohthyoer.  teiieraeon- 
tadaotylns,  Prodr.  Paleont.  i,  p.  46;  Salter,  1947,  Cyathoor.  tesseraoonta- 
daetylus,  Marohison's  Siluria,  (ed.  iv),  PI.  14,  fig.  4.  (We  follow  Angelin  in 
placing  this  species  a  synonym  under  Carpoerinus  simplex.) 

*1878.  Carpoer.  tennis  Angel.   (Habroer.  tennis.)    loonogr.  Grin.  Saeo.,  p.  4,  PI. 
26,  figs,  9,  9  a.    Upper  Silur.    Gothland,  Sweden. 

*1878.  Carpoer.  nmbonatni  Angel.    (Habroer.  nmbonatni.)    loonogr.  Grin.  Sueo., 
p.  4,  PI.  26,  figs  13,  13  a.    Upper  Silar.    Gothland,  Sweden. 

SnbgoDus  DESMIDOCBIinJS  Angolin. 
1878.  Angelin.     leonogr.  Crin.  Suec,  p.  5. 

General  form  oblong  to  subovoid.  Calyx  short,  saucer-  or  cup- 
shaped  ;  symmetry  bilateral. 

Basals  three,  small,  scarcely  projecting  laterally.  Kadials 
3  X  ^ ;  t^®  fii'st  large,  polygonal ;  the  second  short,  linear ;  the 
third  transverse,  pentagonal.  Secondary  radials  2  X  10>  one  side 
of  each  ray  bifurcating  again  giving  off  two  arms,  the  other  a 
single  one. 

In  D,  pentadactylus  both  halves  branch  again,  thus  making 
three  arms  to  one  half,  and  two  arms  to  the  other  half  division,  or 
five  arms  to  the  ray,  and  twenty-five  to  the  individual. 

Arms  long,  heavy,  cylindrical,  composed  of  very  short  joints, 
which  sometimes  become  wedge-form  and  almost  interlocking. 
Pinnules  very  long,  largely  articulated. 

Interradial  and  anal  plates  not  differing  from  Carpoerinus. 

Column  strong,  round,  composed  of  alternate  large  and  smaller 
joints ;  central  perforation  pentagonal. 

The  subgenus  Desmidocrinus  differs  from  the  typical  form  in 
the  greater  number  of  arms,  and  that  these  are  given  off  unequally 
from  the  ray,  also  in  having  somewhat  longer  arms  with  shorter 
joints. 

Geological  Position,  ete, — Only  found  in  tlie  Upper  Silurian  of 
Europe.     Angelin  refers  to  it  the  following  species : 

X878.  Dasmidoerinna  bttarodaotylna  AngeL    loonogr.  Grin  Snee.,  p.  5.  PI.  16, 16  a, 
Upper  Silar.    Gothland,  Sweden. 
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1878.  Desmidocr.  maorodaotylas  Angol.    Iconogr.  Crin.  Sueo.,  p.  5,  PL  16,  figi.  20, 

21.     Upper  Silur.    Gothland,  Sweden. 
1878.  Desmidoer.    pentadaotjlus    Angel.     Iconogr.  Crin.  Suee.,  p.  5,  PI.  16,  figs. 

15,  22.     Upper  Silur.     Gothland,  Sweden. 
1878.  Dasmidoer.  tridaetylui  Angel.    Iconogr.  Crin.  Sueo.,  p.  5,  PL  16,  figs.  4,  4  a. 

Gothland,  Sweden.    (Probably  identical  with  D,  macrodactylut,) 


6.  AOABICOCEIinrS  Troost. 

1860.  Troost.    List.  Crin.  Tenn.  (Proc  Amer.  Association), 

1858.  Hall  (Subgenus  of  Aetifioer.).    Geol.  Hep.  Iowa,  i,  Pt.  ii,  p.  560. 

1866.  Shumard  (Subg.  of  Actinocr,).    Cat.  Pal.  Foss.,  Pt.  i,  p.  350. 

1878.  Meek  and  Worthen.    Geol.  Rep.  IlL,  v,  p  897. 

1878.  Wachsm.  and  Spr.    Proc.  Acad.  Nat.  Sci.  Pliila.,  p.  350. 

Syn.  Amphoracrinus  Hoemer  (not  Austin),  1855.      Leth.   Geogn. 
(Ausg.  8),  p.  250. 

Syn.  Amphoraermus  Hall  (not  Austin),  1861.    Bost.  Jour.  Nat. 
Hist.,  p.  280. 

Syn.  Aetinocrinu*  Hall  (in  part),  1858.    Geol.  Rep.  Iowa,  i,  Pt.  ii. 

Some  authors  have  confounded  Agaricoi^rinus  with  Amphora- 
crinus  Austin,  with  which  it  agrees  in  the  depressed  form  of  the 
calyx  and  in  the  elevated  dome,  but  while  in  Agaricocrinus  the 
calyx  or  its  equivalent  extends  to  the  secondary  radials,  that  of 
Amphoracrinvs  is  properly  composed  of  few  plates,  all  the  upper 
radials,  ft*om  the  third  primary  up,  being  parts  of  free  rays. 
Amphoracrinus  differs  also  in  the  form  of  the  dome,  in  the  spini- 
ferous  proximal  vault  pieces,  in  having  an  anal  tul>e,  in  the  surface 
ornamentation,  and  in  the  arms. 

Hall,  who  first  defined  Troost's  genus  AgaricocrinuR^  placed  it 
Bubgenerically  under  Acfinocrinus^  and  referred  to  it  exclusively 
species  with  a  broadly  truncate  or  concave  dorsal  side,  leaving  all 
similar  types  with  a  convex  calyx  under  Acfinocrinus,  This  can- 
not be  sustained,  as  we  find  among  the  species  of  this  group  all 
intermediate  gradations  in  this  feature,  while  at  the  same  time  they 
agree  most  remarkably  in  all  other  important  characters.  The 
structure  of  Agaricocrinus  is  so  marked  that  we  do  not  hesitate 
to  rank  it  as  a  distinct  genus.  The  differences  in  the  form  of  the 
cal3rx  are  modifications  in  geological  succession.  Species  with 
convex  sides  are  confined  to  the  Waverly  group  and  to  the  Bur- 
lington limestone ;  species  from  the  Upper  Burlington  are  truncate 
below,  or  slightly  convex,  rarely  concave;  while  the  Keokuk 
species,  without  exception,  are  deeply  concave  in  the  basal  regions. 

We  place   under   Agaricocrinus,  subgenerically,  AUoprosallo- 
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crinus  Lyon  and  Casseday,  which  agrees  with  the  latter  in  all 
essential  points,  but  differs  in  having  an  anal  tube  in  place  of  an 
opening  directly  through  the  vault. 

Generic  Diagnosis, — General  form  of  the  body  pyramidal,  wider 
than  high ;  symmetry  decidedly  bilateral ;  plates  without  surface 
ornamentation.  The  form  of  the  apical  side  varies  from  a  shallow 
basin  to  an  inverted  cup,  and  hence  from  convex  to  deeply  con- 
cave ;  the  concavity  sometimes  involving  the  third  primary  and 
even  partly  the  secondary  radials.  Dome  surpassing  the  calyx  in 
height,  composed  of  large  nodose  or  tul)crculou8  plates,  which  are 
surrounded  b}'  smaller  scarcely  convex  pieces. 

Basal  disk  in  form  of  a  hexagon  with  nearly  straight  sides, 
composed  of  three  equal  plates,  very  small,  frequently  hidden 
from  view  by  the  column,  spread  out  horizontally,  and  fonning  a 
small  concavity.  Primary  radials  3X5;  the  first  comparatively 
small,  hexagonal,  the  upper  lateral  sides  shorter  than  the  other 
sides ;  second  radials  quadrangular  or  nearly  so,  smaller  than  the 
first,  transversely  arranged ;  third  pentagonal,  wider  than  high, 
larger  than  either  of  the  others.  The  latter  support  upon  each  of 
their  upper  sloping  faces  a  wide  but  short  secondary  radial,  which 
is  succeeded  by  still  shorter  plates  which  gradually  interlock  and 
become  regular  arm  plates.  All  plates  above  ths  third  radials 
project  at  nearly  right  angles  to  the  vertical  axis,  their  faces 
directed  laterally.  This  gives  to  the  apical  side,  when  viewed 
from  the  column,  a  pen talobate  outline,  and  the  latter  plates  appear 
as  parts  of  the  free  rays.  The  plates,  however,  are  wedge-shaped, 
knife4ike  toward  the  inner  side,  and  the  ambulacral  passages 
within  the  body  communicate  directly  with  the  arm  furrows.  In 
species  with  tertiary  radials,  and  consequently  a  larger  number  of 
arms,  the  last  bifurcation  takes  place  upon  the  first  secondary 
radials,  but  generally  only  upon  one  side  and  in  the  posterior 
rays.  There  seems  to  be  one  or  two  undescribed  species  in  which 
the  postero-lateral  rays  have  normally  four  arms.  We  have  in  our 
possession  a  specimen  from  Canton,  Ind.,  in  which  also  the  antero- 
lateral rays  have  an  additional  arm. 

Arms  robust,  long,  simple,  gradually  tapering  and  terminating 
in  a  sharp  point.  They  are  constructed  of  two  rows  of  pieces,  which 
are  alternately  arranged,  very  wide,  exceedingly  short  and  linear. 
Arm  furrows  wide  but  shallow ;  pinnules  slender,  thread-like,  com- 
posed of  cylindrical  joints  covering  the  arm  furrows  like  a  roof. 
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Interradials  three,  elongate;  the  first  generally  the  largest 
plate  of  the  calyx,  much  narrower  than  wide,  frequently  extend- 
ing in  length  to  the  secondary  radials.  The  two  plates  in  the 
second  series  are  often  as  long  as  the  first,  but  rarely  of  more  than 
half  the  width,  and  hence  exceedingly  narrow ;  they  rest  mainly 
on  the  outer  edges  of  the  secondary  radials,  and  curving  upward 
rise  to  the  level  of  the  top  of  the  arm  bases. 

First  anal  plate  higher  than  the  first  radials,  sustaining  upon  its 
upper  truncate  edge  a  large  plate,  and  on  its  lateral  oblique  sides 
partially  supporting  two  plates  which  extend  upwards,  adjoining 
the  secondary  radials;  these  in  turn  are  followed  by  a  large  number 
of  small  plates,  which  are  more  properly  ranked  as  vault  pieces. 

Dome  high,  more  or  less  pyramidal,  somewhat  inflated  toward 
the  posterior  side.  Apical  dome  plates  very  large  and  prominent, 
and  with  rare  exceptions  tuberculiform.  The  central  piece  is 
the  largest  plate  of  the  entire  body;  the  six  proximal  plates 
somewhat  smaller,  frequently  separated  from  the  central  piece 
by  a  circlet  of  small  irregular  plates,  and  in  old  specimens  and 
very  large  species,  occasionally  isolated  laterally.  First  i*adial 
dome  plates  very  large,  the  two  of  the*  second  order  small.  In 
rays  with  three  arms,  one  plate  of  the  latter  is  large  and  suc- 
ceeded by  two  small  ones  in  a  third  range.  Posterior  side  of  the 
dome  composed  of  small  plates,  protruding  in  a  rounded  ridge  with 
a  depression  on  either  side ;  anal  aperture  at  the  upper  part  of 
the  vault,  directed  laterally. 

Column  round,  consisting  of  joints  with  rounded  margins  and 
intermediate  thinner  joints. 

Geological  Position^  etc. — Agaricocrinus  is  a  strictly  Subcar- 
bouiferous  genus,  and  is  only  found  in  America.  It  first  appears 
in  the  Waverly  group,  attains  its  maximum  in  the  Upper  Bur- 
lington, and  becomes  extinct  at  the  end  of  the  Keokuk  period, 
where  it  attains  enormous  dimensions. 

We  arrange  under  it  the  following  species . — 

1855.  Agariooorinui  amerioanni  Roemer  (Amphoraer.  amerioanni).  Lethaea. 
Geogn.  (Aasg.  3),  p.  250,  PI.  4^,  figs.  15,  a,  b;  Shumard,  1866,  Agariooor. 
amsrioanui,  Cat.  Pal.  Foss.  N.  Amer.,  pt.  i,  p.  351;  Waohsm.  and  Spr., 
1878,  Proo.  Aoad.  Nat.  Soi.  Phila.,  p.  239. 
This  species  is  rery  variable,  and  has  a  great  vertical  range,  as  well  as  a  wide 
geographical  distribution,  being  foand  from  the  upper  portion  of  the  Upper 
Buvlington  to  the  middle  part  of  the  Keokuk  limestone,  and  it  occurs  in 
rockf  of  that  age  in  Iowa,  Indiana,  Illinois,  Missouri,  Kentucky  and 
Tennowee. 
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Syn.  Agariooer.  tnberoins  Troost,  1860  (catalogue  name);  Hall,  1858,  Geol. 

Rep.  Iowa,  i,  pt.  ii,  p.  617. 
Sy».  Agarioocr.  bullatni  Hall.     1858,  Geol.  Rep.  Iowa,  i,  pt.  ii,  p.  562,  PI.  9, 

figs.  11,  a,  b,  c. 
Syn.  Agarieoer.  (Amphoraer.)  ezoavatni  Hall.    Deso.  New  Spec.  Grin.,  p.  3 ; 

also  Host.  Joum.  Nat.  Hist.,  p.  282. 
Syn,  Agarieoer.  nodoius  Meek  and  Worthen.    Proc.  Acad.  Nat.  Soi.  Phila., 

p.  167  ,*  also  Geol.  Rep.  Illinois,  vol.  t,  p.  387,  PI.  10,  fig.  7. 
*1858.  Agarieoer.  broTia  Uall  (AeUnoer.  broTif ).    Geol.  Rep.  Iowa,  i,  pt.  ii,  p.  567, 

PI.  10,  figs.  3,  a,  b.    Lower  Burlington  limest.     Burlington,  Iowa. 
Syn,  Aetinoer.  eomiealof  Uall.    Geol.  Rep.  Iowa,  i,  pt  ii,  p.  566,  PI.  10,  figs. 

1,  a,  b,  c. 
*1860.  Agarieoer.  eonTeziif  Uall  (Agarieoer.  pentagonal  (var.)  eonTOzna).  Supp. 

Geol.  Rep.  Iowa,  p.  58.     Upper  Burlington  limest.     Burlington,  Iowa. 
This  form  differs  from  A.  pentagonal  considerably,  and  prores  to  be  a  good 

species. 
«1S64.  Agarieoer.  erii  Hall  (Aetinoer.  erii).    17th  Rep.  N.  York  St.  Cab.  Nat. 

Hist.,  p.  53 ;  also  Geol.  Rep.  Ohio  Paleont.,  ii,  p.  164,  PI.  11,  figs.  9,  10. 

Waverly  gr.     Richfield,  Ohio.    A  variety  of  Agarieoer.  hoUoo. 
*1861.  Agarieoer.  flieeUni  Hall.    (Aetinoer.  flieeUoi).    Desc.  New  Pal.  Grin.,  p. 

2 ;   also  Bost.  Joum.  Nat.  ilist.,  p.  272.    Lower  Burlington  limest.    Bur- 
lington, Iowa. 
Possibly  a  mere  Tariety  of  A.  broTif ,  having  an  additional  arm  in  the  postero- 
lateral rays. 

1860.  Agarieoer.  geometrieai  Hall.    Suppl.  Geol.  Rep.  Iowa,  p.  56.    Upper  Bur- 

lington limest.    Quincy,  111. 

1861.  Agarieoer.  graoiUi  Meek  and  Worthen.    Proc.  Acad.  Nat  ScL  Phila.,  p.  135. 

Upper  Burlington  limest.     Burlington,  Iowa. 
*1864.  Agarieoer.  heUeo  Hall  (Aetinoer.  heUee).    17th  Rep.  N.  York  St.  Cab.  Nat. 

Hist,  p.  53;  also  Geol.  Rep.   Ohio,  Paleont.,  ii,  p.  163,  PI.  11,  figs.  5-8. 

Waverly  gr.     Richfield,  Ohio. 
1861.  Agarieoer.  inflatai  Hall(Agarieoor.-~Amphoraer.~inflatai,  not  Amphoraor. 

inflatoi  Hall).    Descr.  New  Pal.  Grin.,  p.  4;  also  Bost.  Jo&rn.  Nat  Hist., 

p.  284.     Upper  Burlington  limest.    Burlington,  Iowa. 
1861.  Agarieoer.  omotrema  Hall  (Agarieoer. — Amphoraer.— H>motroma).    Deic. 

New  Spec.  Grin.,  p.  3.     Upper  Burlington  limest.    Burlington,  Iowa. 
Si/n,  Agarieoer. — Amphoraer. — ^bellatrema  Hall.    Bost.  Joum.  Nat.  Hist., 

1861,  p.  281. 

1860.  Agarieoer.  pentagonal  Hall.    Supp.  Geol.  Rep.  Iowa,  p.  57.    Upper  Barling- 

ton  limest.    Burlington,  Iowa. 

1861.  Agarieoer.  planooonvezai  Hall  (Agarieoer.— Amphoraer.— planooonToxoi). 

Desc.  New  Spec.  Pal.  Grin.,  p.  3;  also  Bost.  Journ.  Nat.  Hist,  p.  280.    Lower 

Burlington  limest.    Burlington,  Iowa. 
»1858.  Agarieoer.  pyramidatai  Hall  (Aetinoer.  pyramidatoi).    Geol.  Rep.  Iowa,  i, 

pt.  ii,  p.  565.     Lower  Burlington  limest.     Burlington,  Iowa. 
Syn.  Agarieoer.  (Amphoraer.)  eorrogatoi  Hall.    1861,  Desc.  New  Spec.  Pal. 

Grin.,  p.  4;  also  Bost.  Joum.  Nat.  Hist.,  p.  283.    (Hall  described  here  a  more 

mature  specimen). 
1881.  Agarieoer.  Springeri  White.   Indiana  Rep.  for  1881  (now  in  press).    Keokuk 

limestone.     Grawfordsville,  Ind. 
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1858.  Agtrieoor.  itolUtni  Hall.    Geol.  Rop.  Iowa,  i,  pt.ii,  p.  664.     Upper  BurliDg- 

ton  limest. — Barlington,  Iowa. 
1850.  Agariooer.  Whitfleldi  Troost.  LiBt.  Grin.  Tenn. ;  Hall,  1858,  Gcol.  Rep.  Iowa,  i, 

pt.  ii,  p.  021 ;  Supp.  Iowa,  Rep.  1860,  PI.  3,  fig.  5 ;  Meek  and  Wortben,  Geol. 

Rep.  111.,  vol.  T,  p.  499,  PI.  12,  fig.  1,  and  PI.  15,  fig.  8.     Keokuk  limest. 

Green  Co.,  IIL 
1858.  Agariooer.  Wortheai  Hall.     Geol.  Rep.  Iowa,  i,  pt.  ii,  p.  619,  PI.  14,  fig.  1  ; 

Waobsm.  and  Spr.,  1878,  Proo.  Aoad.  Nat.  Sci.  Pbila.,  p.  240.     Upper  por- 

tiona  of  Keokuk  limest.    Iowa,  Illinoia  and  Miasouri. 


Subgenus  ALLOPBOSALLOCBIinTS  Lyon  and  Cass. 

1860.  Lyon  and  Casseday.     Am.  Acad.  Arts  and  Sci.,  vol.  v,  p.  20. 
1866.  Shumard.    Cat.  Pal.  Foss.  N.  Amer.,  pt.  i.  p.  353. 

1878.  Meek  and  Worth,  (in  part).    Geol.  Rep.  111.,  vol.  v,  p.  368. 

1879.  Zittel.    Handbuch  der  PalsDontologie,  i,  p.  870.     (Not  Meek  and 

Worth.,  1865,  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  164). 
Syn.  Conocrinus  Troost,  1850.    List  of  Crin.  Tenn.  (not  defined). 

Lyon  and  Casseday  in  defining  the  genus  AUoprosallocrinus 
placed  under  it  two  species :  their  type  ^1.  ronicus  and  A.  (h*pre8sus^ 
the  latter  probably  an  Agaricocrinus.  With  this  genus  Allopro- 
8aUocrinus  has  close  affinities ;  it  diflfers,  however,  in  having  an 
almost  central  anal  tube  and  not  a  lateral  opening  through  the 
vault.  The  tube  which  extends  from  an  elevated  tuberculous  dome, 
gives  to  A.  conicus  a  superficial  resemblance  to  some  of  the  later 
forms  of  BatocrinuSj  and  this  induced  Meek  and  Worthen  to  place 
Lyon's  genus  a  mere  subgenus  under  the  other. 

Meek  and  Worthen  added  a  new  species,  but  we  doubt  from 
their  description  of  A  euconusj  if  they  correctly  identified  Lyon's 
typical  form,  or  they  would  have  found  the  two  species  to  be,  super- 
ficially at  least,  very  distinct.  The  form  of  the  plates  in  the  calyx, 
and  particularly  of  those  near  the  arm  regions,  is  in  Meek  and 
Worthen 's  species  like  in  Batocrinvs,  but  in  A.  conicus  almost 
identical  with  Agaricocrinus.  We  refer  the  former  to  Batocrinu^, 
and  place  AUoprosallocrinus  subgenerically  under  Agaricocrinus, 
Lyon  and  Casseday  describe  the  primary  radials  as  being  com- 
posed of  only  2X6  pieces.  This  is  sometimes  abnormally  the 
case,  but  there  are  always  as  a  rule  three  plates  in  each  ra}*,  of 
which  the  second  are  exceedingly  short,  linear  and  easily  over- 
looked. 

Amended  Diagnosis, — General  form  turbinate ;  calyx  truncate, 
slightly  convex.  Basals  and  primary  radials  like  those  of 
Agaricocrinus^^  with  2X10  narrow  secondary  radials  succeeding 
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..   -..^.lA    .*i'i   iiiul  plates  also  similar  in  their  form 

_     .    .         :.     :t*  nrst  interradial  and  the  second  series 

.  -  .  . .    ,' .  ■  •  -.lie  top  of  the  tertiary  radials,  and  support 

.....    •iucai,  extended  into  a  large,  almost  central 

•  ....     tcit-s  mori?  or  less  nodose,  the  apical  plates 

_.i.     lit  :iot  so  distinct  as  in  Agark'0rri7iUi<,  and 

.  .%;\i'ls  iho  anterior  side.     Length  of  anal  tube 

-     .—' ,  -iiiiiVn.'  so  far  as  known;  two  arms  from  each  ray, 
. .   i.ca.  •  luve  oil  one  or  ])oth  posterior  rays. 

''^N^,^./^  t'('\ — The  only  known  species  occurs  in  the 

..^.    v..tfy.%M«ilocriBiit  ooxiietti  Lyon  and  Cass.  (type).     Proc.  Am.  Acad.  Arts 

..  ^w  >••!.  1. 1*.  2^.    Shumanl,  1860,  Alloproiallocr.  (suhg.  nf  Aotinoor.) 

wUAOUd.  Ciii.  l*»l.  Fo«s.,  pt.  I,  p.  352.    Warsaw  limest.     Hardin  and  Allen 

•■..  "v. 

c.  Melocrinites. 

7.  XARIACBIHUS  Hall. 
\  Revised  hyWaclism.  and  Spr.) 
»«itt    M.kll      PikUvnt.  New  York,  vol.  iii,  p.  104. 

V|<;,  i.t.ri'fus  ill  its  original  form,  with  3L  nohilissimus^  M,  pauci- 

.i..',.''..^   :iihl  M.  parhidnrt\jJn»  Hall  as   types,  were  shown  by 

«:iini'.o,  MvMi.  Kohin.  Eifel.  Kalk.,  p.  01,  to  be  identical  with 

»if  ,<\  /  *'ncs  iJoldfuss.     This  is  undoubtedly  correct  with  regard 

V  I  !ii»:io  ipivios,  but  Hall  doscrilxid  two  other  species,  M,  plumosus 

ftii.t   U  I'xntuK^ns^  which  in  their  arm-structure  differ  so  essentially 

luuii  i!u'  l\iniior,  that  we  think  it  proper  to  separate  them  and 

uvi'inlnu'l  tho  gi'nus  Mtinacrinus  with  M.  plumosus  as  the  type. 

l»i  ilu'.io  two  Hpi'cies  wo  add  Melocrinus  angustatus  Angl.,  and 

ii'-ii/fh^rinun  Carlt'ifi  Hall,  which  latter  we  find  to  have  four 

i»43ul  ptiitos  iuHtcad  of  five,  and  no  underbasals. 

Tlio  ^I'liiiH  iMaritwrinus^  as  we  proiX)se  to  define  it,  includes 
oul>  :i|MH'trrt  ill  which  the  two  main  divisions  of  the  ray  are  longi- 
Uuliiiatly  Hrparatod,  forming  two  free  and  equal  parts,  contrary  to 
.Ui/iH  /  t/iifM,  III  which  tlic  main  bninches  are  laterally  connected. 
lluU  iilnukdy  mtticcd  this  peculiarity  in  the  arm-structure  oi 
Mt'hvrittHH  ;t/MNioHi/H,  and  lie  very  correctly  hbmologized  the  two 
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inner  divisions  of  the  ray,  which  give  off  exclusively  the  branches, 
with  the  donble-jointo<l  brachial  extensions  in  the  ray  of  M,  parhi- 
dactyhis^  and  the  outer  arms  of  the  former  with  the  branchlets  of 
the  latter. 

Zittel  takes  Mariacn'nus  Hall  to  be  a  svnonvm  of  Ctenocrinus 
Bronn,  which  we  refer  to  MdocrinuH^  following  Schultze.  Hall's 
jM.  mfirrojyetnbia  will  l)e  arranged  under  Corj/mffOfrinua  Angelin, 
and  among  the  Calyptocrinidju.  Its  arms  are  yet  unknown,  but 
the  arrangement  of  its  plates  agrees  perfectly  with  that  genus. 
Mn riarriniii^  HtoloiiiferuH  Hall  is  described  only  from  fragmentary 
columns. 

Amended  I>ingno.<is. — Form  of  calyx  obconical ;  general  aspect 
and  surHico  ()rnamenta*ion  similar  to  Glyptorriniis;  radiating 
stria^  l):\ssin<r  from  plate  to  plate;  radials  all  along  their  median 
line  elevated  into  high  rounded  ridges,  somewhat  resembling 
recumbent  arms ;  iuterradial  and  interaxillary  area?  large  and 
depressed. 

Basals  four,  small,  almost  of  equal  size,  the  one  facing  the  anal 
area  largest.  Primary  radials  3  X  5,  nearly  as  wide  as  high, 
decreasing  in  size  upwards;  the  first  set  joining  Interally  ;  the 
second  enclosing  the  first  anal  and  first  interradial  plates;  the 
third  supporting  3X  10  secondary  radinls,  which  are  generally  of 
uniform  size  and  vertically  separated  by  six  or  more  interaxillary 
plates.  The  secondary  radials  are  followed  by  several  tertiary 
radials,  which  varv  in  number  with  the  aije  of  the  individual — 
mature  speeimens  having  five  and  even  more -all  placed  in  a 
direct  line  with  the  arms  and  somewhat  resembling  arm  plates. 

Arms  four  to  each  ray,  the  inner  ones  branching,  but  rarely 
more  than  once  or  twice,  the  outer  arms  remaining  simple  through- 
out, and  taking  a  somewhat  lateral  course.  The  inner  arms  are 
placed  close  together,  almost  parallel  with  each  other,  their 
branches  given  otf  to  the  outer  sides  of  the  rav-  Botii  inner  and 
outer  arms  arc  composed  of  (piadrangular  single  joints,  with 
straight,  sometimes  slightly  oblique  sutures  ;  the  arm-bearing 
joints  subpentagonal ;  main  arms  and  branches  fringe<l  with 
pinnules. 

Interradial  arcie  large,  composed  of  a  great  number  of  plates; 
the  first  wedged  in  Iwtween  the  upper  sloping  sides  of  two  first 
radials  and  two  second  radials  ;  second  interradial  series  con- 
sisting of  two  plates  ;  each  succeeding  series  of  two  or  three. 

20 
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Anal  area  wider ;  the  first  plate  in  line  with  the  first  interra- 
dials,  perhaps  a  little  larger,  succeeded  by  three  plates  in  the 
second,  and  a  like  number  in  all  superior  series. 

Vault  only  known  in  M.  Carleyi,  where  it  is  low,  scarcely 
rising  beyond  the  horizon  of  the  calyx, 

Interradial  regions  depressed  and  excavated  between  the  rays, 
thereby  giving  to  the  form  a  pentalobate  outline. 

Radial  portions  prominent,  toward  the  margin  of  each  arm  dis- 
tinctly elevated  and  formed  into  a  rounded  ridge. 

Arm  openings  arranged  along  the  margin  of  the  vault,  directed 
upwards.  The  vault  is  composed  of  very  minute,  irregular  pieces 
without  definite  arrangement,  even  the  apical  dome  plates  are 
obscure. 

Anal  aperture  excentric,  opening  directly  through  the  vault. 

Form  of  column  unknown ;  central  canal  subpentagonal  and 
of  more  than  medium  size. 

Geological  Position^  etc, — Mariacrinus  is  confined  to  the  Upper 
Silurian,  and  occurs  in  Europe  and  America. 

We  recognize  the  following  species . — 

*187S.  Mariaoriniif  angOfUtai  Angel'm.    (Xeloor.  anguftatui.)    loonogr.  Grin. 

Suec.,  p.  20,  PI.  25,  fi  j.  22.     Upper  Silur.     Qothland,  Sweden. 
*1863.  Xariaor.  Ctrleyi  Hall.    (Olyptoor.  Carleyi.)    Trans.  Albany  Inst.,  iv,  p. 

203;    also  28th  Rep.  N.  Y.   St.  Cab.  Nat.  Hisf.,  1875,  PI.  14,  figs.  7-10. 

Niagara  gr.     Waldron,  Ind. 
^1863.  Xariaor.  obooniom  Hall.    (Xeloor.  obeonioaf.)    Trans.  Albany  Inst.,  p. 

206;  also  28tb  Rep.  N.  York  St.  Cab.  Nat.  Hist.,  1875,  PI.  14,  fig.«.  11-14. 

Niagara  gr.     Waldron,  Inrl. 
1859.  Xariaor.  plamoiuf  Hall.    (Type  of  the  genu«.)     Paleont.  N.  York,  iii,  p.  110 

PI.  3,  figs.  6-11.    Lower  Helderberg  gr.     Herkimer  Co.,  N.  Y. 
1859.  Xariaor.  ramoim  Hall.    Paleont.  N.  York,  iii,  p.  147,  P(.  2,  figs.  2,  3.    Lower 

Helderberg  gr.     Herkimer  Co.,  N.  Y. 

8.  TECHHOCBIirUS  Hall. 

1859.  Hall.    Paleont.  New  York,  iii,  p.  139. 
1870.  Zittel.    UaDdb.  der.  Palffiontologie,  i,  p.  872. 

According  to  Hall,  Technocrinus  differs  from  Mariacrinus 
only  in  the  arm  structure,  he  therefore  at  first  arranged  it  sub- 
generically  under  that  genus.  A  careful  comparison  of  Techno- 
crimis,  not  only  with  that  section  of  Hall's  Mariacrinus  which  we 
have  referred  to  Melocrinus^  but  also  with  MariacHnus  plumosus 
the  present  type,  has  convinced  us  that  Technocrinus  differs  in 
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seTeral  additional  points,  and  sufficiently,  so  to  make  it  an  inde- 
pendent genus. 

Technocrinus  differs  from  AfariacrinuSj  as  now  amended,  in 
having  1  X  10  secondary  radials,  instead  of  3-4  X  10,  and  these 
connected  laterally  without  the  interposition  of  interaxillaries ; 
in  having  the  arms  given  off  in  an  almost  continuous  ring  around 
the  body,  and  not  in  clusters ;  in  the  straight  upward  direction  of 
all  the  arms,  contrary  to  Mariacrinus  in  which  tlie  outer  arms  are 
given  off  obliquely,  and  only  the  inner  ones  run  parallel  with  each 
other ;  in  that  its  arms  are  strong,  simple,  composed  of  single 
joints,  instead  of  being  slender,  branching  and  double  jointed.  It 
farther  differs  from  Melocrinus  in  giving  off  the  arms  straight 
and  directly  from  the  body,  instead  of  obliquely  from  the  free  rays ; 
in  the  absence  of  interaxillaries,  and  in  other  minor  characters. 

Qei^eric  Diagnosis. — Form  of  calyx  similar  to  Melocrinus. 
Symmetry,  except  in  the  basal  portions,  perfectly  pentahedral. 

Basals  four,  one  of  them  larger  and  placed  longitudinally  in 
line  with  the  primary  radials  of  one  of  the  lateral  rays.  Primary 
radials  .3X5;  the  first  two  hexagonal ;  the  third  pentagonal  and 
supporting  1  X  10  large  secondary  radials,  which  are  all  axillary, 
each  supporting  2X2  tertiary  radials,  of  which  the  upper  part 
of  the  second  row  is  laterally  disconnected  and  free.  They  are 
succeeded  by  several  wedge-form  plates,  which  gradually  interlock, 
and  which  are  followed,  rather  abruptly,  by  two  series  of  narrow, 
alternately  arranged  arm  plates.  The  arms  are  long,  simple, 
straight,  placed  arOund  the  body  in  a  continuous  ring,  and  at 
almost  equal  distances  from  each  other.  Pinnules  apparently 
thin,  thread-like,  their  sides  abutting. 

Interradials  three  to  four ;  the  first  resting  against  the  oblique 
upper  sides  of  the  first  radials,  and  between  the  second.  Anal 
area,  so  far  as  known,  not  distinct  from  the  other  interradial 
ones.     Construction  of  the  vault  unknown.     Column  round. 

Geological  Position^  etc. —  Technocrinus  has  been  found  only  in 
the  Oriskany  Sandstone  of  Maryland. 

*1859.  TeohnooTinui  Andrewii  Hall.    (Type  of  the  genus.)    (XariAor.— Teehnocr. 

— Andrewii.)     Paleont.  N.  York,  iii,  p.  141,  PI.  86,  figs.  1-4.     Oriskany 

Sandstone.     Cumberiand,  Md. 
*1859.  Teohnoor.  fpinaloini  llall.    (Xariaor.— Teehnoer.— spinuloiai.)    Paleont. 

N.  York,  iii,  p.  140,  PI.  85,  figs.  1-18.   Oriskany  Sandstone.    Cumberiand,  Md. 

(Kariaor. — Teohnoer.  lenlptui  and  T.  itriatni  Ilall,  are  known  from  the 

basals  only). 
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9.  XELOCBIinTS  Ooldfuso. 

1826.  Goldfuss.    Petrefacta  GermaDi»,  i^  p.  197. 

1835.  Agassiz.    Mem.  d.  1.  8oc.  des  Sci.  Natur.  de  Neuchatel,  i,  p.  196. 

1841.  MuUer.    Monatsb.  Berl.  Akademie,  i,  p.  209. 

1850.  D'Orbigny.    Prodr.  de  Pal^ont.,  i,  p.  103. 

1852.  D'Orbigny.     Course  Element.,  ii,  p.  140. 

1855.  Roemer.    Leth»a  Geogn.  (Ausg.  8),  p.  250. 

1857.  Pictet.     Traits  de  Paleont.,  iv,  p.  325. 

1867.  Schultze.    Mon.  Echin.  Eifel  Kalk.,  p.  61. 

1875.  Hall.    Geol.  Rep.  Ohio,  Paleont.,  ii,  p.  158. 

1878.  Angelin.    Iconogr.  Crin.  Saec,  p.  19. 

1879.  Zittel.     Handbach  d.  Pal»ontologie,  i,  p.  371. 
Byn.  Ctenocrinus  Bronn,  1840.     Jahrbuch,  p.  54. 

Syn.  Ctenocrinus  Miiller,  1855.  Verhandl.  Naturh.  Verein,  xii, 
p.  16. 

Syn.  Casta nocrinus  Roemer,  1855.     Lethffia  Geogn.,  ii,  p.  252. 

Syn.  Mariacrinus  Hall  (in  part),  1857.    Paleont.  N.  York,  iii,  p.  104. 

Syn.  Cytocrinus  Roemer,  1860.     Silur.  Fauna  West.  Tenn.,  p.  46. 

Syn.  Clonoerinus  Oehlert,  1879  (not  Quenstedt).  Bull.  Soc.  Geol. 
de  France  (ser.  3>,  vol.  vii. 

Syn.  Turbinoerinltes  Troost.     List.  Crin.  Tenn.,  1850  (not  defined). 

Syn,  Astroerinites  Conrad.  Cat.  Geol.  Rep.  of  1840  41  (not  Cum- 
berland, 1*^26 ;  nor  Austin,  1843 ;  nor  Asterocrinus  Lyon,  185'^ ; 
nor  Miinster,  1939). 

The  genus  Melocrinus  holds  the  same  relation  to  Mariacrinus 
as  Stega nocrinus  to  Acti nocrinus^  and  as  Eucladocrinus  to  Pluiy- 
crinus.  In  all  of  them  the  construction  of  the  body  remains 
almost  unchanged,  while  a  remarkable  modification  takes  place  in 
the  brachial  appendages,  which  are  extended  into  free  rays  with 
an  indefinite  number  of  radials,  which  give  off  the  arms  laterally. 

This  character  separates  the  genera  of  the  three  groups  very 
distinctly  and  uniformly. 

Several  attempts  have  been  made  to  establish  sub-divisions  for 
Melocrinus.  Roemer,  in  1855,  proposed  the  name  Castanocrinus 
for  species  with  a  central  or  subcentral  anal  opening,  retaining 
Melocrinus  with  Jf.  hieroglyphicus  Goldf.  for  species  with  a 
lateral  opening.  A  critical  comparison  of  all  the  species  leads  us 
to  doubt  whether  that  division  can  be  carried  out  practically. 
We  agree  with  Shultze,  Mon.,  p.  63,  that  the  proboscis — anal  tube 
— is  never  central,  and  in  this  genus  in  no  case  actually  lateral; 
but  that  its  direction  is  more  or  less  excentric  in  all  species. 
Neither  can  the  presence  or  absence  of  interaxillar}'  plates,  unless 
accompanied  by  other  distinctive  characters,  be  considered  for  a 
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moment  as  sufficient  for  generic  separation,  as  had  been  proposed 
in  the  case  of  Ctenocrinua  Bronn,*  those  plates  are  mere  acces- 
sory pieces,  and  may  be  present  or  absent  in  the  same  species. 

Turbinocrinites  Troost  was  proposed  in  MS.  (according  to 
Hall)  for  a  species  which  was  said  to  have  the  first  anal  plate  in 
line  with  the  first  radials,  but  Troost's  typical  species  Melocr. 
Verneuilij  which  was  subsequently  defined  by  Hall,  seems  not  to 
have  [K)ssessed  such  a  plate,  as  Hall  himself  mentions  expressl}' 
that  the  anal  area  is  but  slightly  distinct  from  the  regular  inter- 
radial  ones. 

CytocHnus  Roemer  was  described  hy  its  author  with  probably 
three  (?)  basal  plates — the  exact  number  had  not  been  ascertained. 
A  good  specimen  in  our  collection  from  Louisville,  K}'.,  which  in 
every  resi)ect  agrees  with  C  laemn  Koemer,  shows  that  it  has  four 
basals,  and  that  the  genus  is  id(?ntical  with  Melocr inun,  Roemer 
himself  gave  for  locality  both  Western  Tennessee  and  Louisville. 

Fhillipsocrinns  McCoy,  which  was  described  with  four  basals, 
has  been  frequently  connected  with  MelocrinuH.  The  generic 
description  was  made  from  a  single  specimen,  and  this  was  evi- 
dently abnormal,  as  indicated  by  having  two  additional  plates  in 
line  with  the  first  radials  (seven  in  all),  and  we  think  it  probable 
that  the  abnormal  seventh  plate  in  this  case  rendered  the  presence 
of  the  fourtii  basal  plate  necessary.  We  take  it  to  be  an  abnormal 
specimen  of  Actinocrinus,  And  this  is  far  more  consistent  with  the 
given  geological  position. 

Generic  Diagnosis, — Body  obconical,  subglobose  or  jiear- 
shaped,  with  five  free  rays  extend(?d  upward  and  giving  off  arms 
laterally.     Calyx  highly  ornamented  with  radiating  ridges,  some- 

*  The  genus  Ctenocrinus  was  at  first  incorrectly  defined.  It  was  des- 
cribed by  Broun  (Jahrbuch,  1840,  p.  542)  with  three  basal  plates,  which 
was  confirmed  by  Roomer  (Leth.  Geogn.,  1855,  p.  251),  and  subsequently 
de  Koninck  considered  the  genus  identical  with  Pradocrinui  de  Verncuil 
(Crin.  du  terr.  Carb.  Belg.,  p.  147 j.  Joh.  Miiller  (Verhandl.  naturh. 
Verein,  1855),  admits  more  than  three  basals,  probably  five,  and  in  1857 
(Neue  Echin.  Eifel  Kalk,  p.  255),  he  mentions  positively  five  basals,  and 
compares  Ctenocrinus  with  Olyptocrinus  Hall,  asserting  that  it  had  also 
parabasalia.  Schultze  afterwards  in  his  Monograph,  p.  63,  proved  from 
more  perfect  specimens  that  Ctenocrinus  typuB  has  only  four  basals  and  no 
underbasals,  which  is  evidently  correct.  One  of  us  had  an  opportunity 
several  years  ago  to  study  the  Schultze  collection  in  the  Museum  of  Com- 
parative Zoology  of  Cambridge,  which  contains  specimens  showing  only 
four  basals  like  Meloerinus, 
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times  with  little  nodules,  in  some  species  with  all  the  plates 
strongly  nodose  or  almost  spiniferous;  symmetry  slightly  bi- 
lateral. 

Basals  four,  three  of  them  equal  and  pentagonal,  the  fourth 
larger  and  hexagonal,  the  latter  directed  to  the  left  antero-lateral 
ray,  not  posteriorly. 

Radials  3X5;  the  five  first  hexagonal  and  joining  laterally ; 
the  plates  of  the  second  seiies  hexagonal,  the  first  interradial  and 
anal  plate  interposed  between  them;  the  third  pentagonal  and 
bifurcating.  They  support  on  their  upj>er  sloping  sides  two  to 
three  secondary  radials  (2-3  X  10),  with  one  or  more — though 
sometimes  none — in  the  axil.  The  secondary  radials  are  suc- 
ceeded in  a  direct  line  by  two  rows  of  plates,  which  sometimes 
interlock,  but  which  more  frequently  are  placed  side  by  side. 
The  plates  which  represent  higher  orders  of  radials,  are  separated 
by  a  deep  vertical  suture,  and  formed  into  a  long  brachial  appen- 
dage or  free  ray,  which  terminates  in  an  arm. 

The  free  rays  give  off  laterally,  throughout  their  length  at 
certain  intervals,  from  each  third  or  fourth  joint,  or  less  often, 
and  from  opposite  plates  (not  alternately),  small  armlets,  com- 
posed of  two  rows  of  interlocking  plates,  with  short  pinnules  on 
alternate  sides.  The  plates  which  coippose  the  appendages  are 
wider  than  high,  their  upper  and  lower  sides  parallel,  except  the 
arm-bearing  pieces  which  are  depressed  pentagonal.  The  length 
of  the  armlets  differs  according  to  their  position  ;  all  extend  to 
the  same  general  height,  and  hence  those  nearer  the  body  are 
longer,  the  length  decreasing  proportionately  upward. 

In  young  specimens,  all  arms  are  given  off  fVom  the  free  rays  ; 
while  in  the  adult,  the  lower  portion  of  the  proximal  arm  is 
often  enclosed  within  the  calyx,  and  sometimes  even  separated  from 
the  main  trunk  by  small  plates. 

There  is  only  one  brachial  appendage  to  each  ray,  and  this,  as 
stated  before,  is  composed  of  two  rows  of  plates  which  rest  upon 
a  bifurcating  plate.  This  construction  leaves  no  doubt  that  the 
two  rows,  which  are  separated  by  a  deep  longitudinal  suture,  often 
by  interaxillary  plates  and  small  intermediate  pieces  scattered 
between  them,  represent  two  distinct  brachial  appendages,  which 
became  anchylosed  throughout  their  length,  contrary  to  Maria- 
crinu8^  in  which  under  similar  conditions,  the  equivalent  parts 
remained  detached. 
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Anal  plates  numerous.  Tho  first  iiiterradial  placed  upon  the 
upper  sloping  sides  of  the  first  radials  and  between  the  second ; 
the  second  series  composed  of  two  plates,  and  there  are  three  in 
each  succeeiling  series. 

The  posterior  or  anal  side  is  but  slightly  distinct  from  the  other 
four,  but  it  has  generally  three  plates  in  the  second,  and  three  or 
four  in  each  succeeding  series. 

Vault  very  variable,  highly  elevated  to  low  hemispherical ;  the 
plates  comparatively  large  and  more  or  less  nodose,  but  sometimes 
small  and  scarcely'  convex ;  the  interradial  regions  depressed. 
Anal  aperture  su been tral  or  almost  lateral,  and  extended  generally 
— ^if  not  always — into  a  tube,  whose  length  is  unknown. 

Apical  dome-plates  conspicuous,  particularl}-  in  species  with  an 
excentric  anus. 

Column  round,  composed  alternately  of  longer  and  shorter 
joints;  central  canal  small,  round,  or  obtusely  pentagonal. 

Geological  Poi<ition,  etc. — Melocrinus  ranges  from  the  Upper 
Silurian  to  near  the  close  of  the  Devonian,  and  is  represented 
both  in  America  and  Europe. 

We  place  here  the  following  species : — 

*1875.  Xeloorinnf  Bainbridgeniii   HhU    (Meloor.— Centroor.— Bainbridgeniii.) 

Geul.  Rep.  Ohiu  Palcon.  ii,  p.  168,  Pi.   13,  figfl.  2,  3,  above  Huron  Sbolos, 

Devonian.     Ross  Co.,  01) io. 
*IS79.  Xeloer.  Bigibyi  Oehlert.    (Glonoor.  Bigibyi.i  Bull.     So(.>.  do  France  (Ser. 

3)  Tol.  vii,  p.  4,  PI.  2.  figs.  2-4.     Devonian.     St.  Germain,  France. 
(?)  1872.  Meloor.  broviradiatui  Hall  and  Whittiuld.    Hamilton  gr.    (We  have  not 

seen  the  description.) 
1S38.  Xeloor.  deoadaotylui    Goldfus?.    (Aotinocr.  deeadaotylai.)    Nova  Act.  Ac. 

Leop.  xix,   p.  343,  PI.  31,  fig.  5;    F.  Roemer,  Ctenoor.   deoadaotyloi, 

Rhein.  Uebcr;;iingtigeh.  p.  61.     Grauwaoke,  near  Coblentz,  Germ. 
(Ctonoor.  deoadaotylai  Ad.  Roemer  1850,  Hartxgcbirgc,  p.  2,  PI.  1,  fig.  1. 

From  the  Devonian  of   the  Harts.     This  is  probably  difierent  from   tbo 

Coblents  specimens. 
1833.  Meloor.  gibboiai  (ioldf.  Pctrcf.  German,  i.  p.  211,  PI.  64,  figs.  2;  Aastin,  1842, 

Ann.  and  Mng.  Nat.  Hist,  x,   p.  109;  Schultie,  1807,  Mon.     Echin.  Eifel 

Kalk,  p.  64,     Devonian.     EifcI,  Germ. 
iSyn.  Xeloor.  lavil  Goldf.  ( not  F.  Roemer).  Petref.  German.,  i,  p.  197,  PI.  60,  fig.  2. 
(?)  1878.  Xeloor.  grannola^ni  Angelin.     Icon.  Grin.  Suec,  p.  20,  PI.  26,  figo.  21  and 

21  a.     Upper  Silur.     Gothland,  Sweden.     (This  is  certainly  not  Melocrinun 

and  we  doubt  that  it  is  has  four  basals  ;  it  difi'ora  materially  in  the  arrange- 
ment of  the  anal  plates.) 
1826.  Meloor.  hieroglyphioui  Goidf.    Type  of  the  genus.    Petref.  German,  i,  p. 

197,  PI.  60,  figs.  1  A-E;  also  Nova  Act.  Ac  Leop.,  xix,  p.  339;  also  Lethaea. 

Oeogn.,  i  and  ii,  p.  63  :    Roemer,  1855,  Lethaea  Geogn.,  PI.  4,  figs.  10  a,  b,  o. 

Rhein.  Uebergangsgebirge.     Devon.    Belgium  and  Germany. 
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*1860.  Xeloor.  lavii  Hoemer  (not  Goldf.) — Cytoorinnt  l»¥ii.    Silur.  Fauna,  West 

Tenn.,  p.  56,  PI.  iv,  fij^s.  2  a,  b.     Niagara  gr.     WeAt.  TeoDessee. 
^1859.  Meloor.  nobiliiiimai  Hall.    (Mariaor.  nobiliiiimni)  Palcont.  N.  York,  iii, 

p.  106,  PI  2,  fig!*.  1-4,  and  PI.  2  A,  fig.  1.     Pentamerus  limei>t.     Litchfield, 

Herkimer  Co.,  X.  Y. 
1861.  Meloor.  nodosal  Hall,    ijcol.  Suft.  Wif.  (Rep.  of  Progress),  p.  19.   Levonian. 

Iowa  City. 
1865.  Xeloor.  obpyramidalii  Winohell  and    Marcj.    (Aotinoor.   obpyramidalif) 

Mem.   Boat.  Soc.  Nat.   Hist.,  vol.  i,  p.  87,  PI.  2,  fig.  4.     Niagara  gr.     Near 

Chicago,  HI.    Miller,  1881,  Cinoin.  Soc.  Nat.  Hist.  (July  No.). 
This  speoies  was  described  from   an   imperfect  cast.     Hall  takes  it  to  be  a 

synonym  of  Meloor.  Vemeiiili  Troost. 
^1841.  Meloor.  paohydaetylni  Conrad.    (Aitroorinitei  paohydaotylai)  Ann.  Rep. 

Paleont.  N.York,  p.  34;  Mather,   1843,  Gool.  Rep.  N.York,  p.  246;   Hall, 

1859,  Mariaor.  paohydaotylus,  Paleont.  N.  York,  iii,  p.  107,  PI.  3,  figs. 

1-4  A.     Lower  Helderberg  gr.     Schoharie,  N.  Y. 
Sifn.   Aotinoor.     polydaotyloi    (1837)    Bouuy    (not    Miller).     (Schenectady 

Reflector.) 
*1859.  Meloor.  pauoidaotylai   Hall.    Paleont.   N.  York,  iii.  p.  109,  PI.  3,  fig.  5. 

Lower  Helderberg  gr.     Herkimer  Co.,  N.  York. 
1860.  (?)  Meloor.  Pratteni  McChesney.    (Forbeiioor.  Pratteni)  Desc.  New.  Pal. 

Fobs.,  p.  29 ;  1857,  Meloor.  Pratteni  Chicago,  Acad.  Sci.,  p.  22,  PI.  5,  fig.  4. 

(Geological  position  and  locality  unknown,  and  described   from  imperfect 

specimens.) 
1838.  Meloor.  pyramidalii  Goldfuss.    Nova  Acta  Ac  Leop.,  xix,  i,  p.  339,  PI.  31,  fig. 

1;  D'Orbigny,   1850,   Prodr.,  i,  p.  103 ;    Schultie,   1867,  Mon.  Echin.   Kifel 

Kalk,  p.  66,  PI.  4,  fig.  5.     Devonian.     Eifel,  (icrm. 
Stfu.  Meloor.  fornioataf  Goldfuss.    Ibid.,  p.  340,  PI.  31,  fig.  2. 
(?)  1878.  Meloor.  rigidui  Angelin.    loonogr.  Crin.Suec.,  p.  20,  PI.  21,  fig.  3.    Upper 

Silur.     Gothland,  Sweden. 
(This  is  an  entirely  different  form,  and  probably  belongs  to  a  difi'erent  family.) 
1878.  Meloor.  ipeotabilii  Angulin.     loonogr.    Crin.  Suec,  p.  20,  PI.  21,  tigs.  1-2. 

Upper  Silur.     Gothland,  Sweden. 
1852.  Meloor.  itellaril  Roemer.     (Ctenoor.  itellarii)  Verhandl.  Naturh.  Verein.  f. 

Rheinl.,  ix,  p.  283,  PI.  2,  figs.  2  a,  b,  c ;  also  Schultse,  1867,  Mon.  Echin. 

Eifel  Kalk,  p.  65,  PI.  4,  fig.  3.     Devonian.     Eifel,  Germ. 
1840.  Meloor.  typai  Brunn.     ^Ctenoor.  typni)  Jahrb.  f.  Mineralogie,  p.  542,  PI.  8  B; 

also  D'Orbigny,  1850,  Prodr.,  i,  p.  103,  and  F.  Roemer,  1844,  Rhein.  Uebcr- 

gangsgeb.,  p.  60,  PI.  I,  fig.  1.     Grauwacke,  near  Coblenti,  Germ.     Probably 

identical  with  Meloor.  deoadaotylni  Goldf. 
1864.  (?)  Meloor.  Verneaili  Troost.    (Aotinoor.  Vemenili)  List  of  Crin.  Tenn., 

1350;  1868,  Hall,  20th  Rep.  N.  York  St.  Cab.  Nat.  Hist.,  p.  327,  PI.  10,  fig. 

5  (Advance  Sheets,  1864).     Niagara  gr.     Decatur  Co.,  Tenn.,  and  Racine, 

Wis. 
This  species  is  only  known  from  nstural  casts,  hence  an  accurate  comparison  is 

impossible,  but  from  all  appearances  it  is  identical  with  Meloor.  (Cytoor.) 

lavii  Roemer. 
1838.  Meloor.  Terraooiai  Goldf.    Nova  Acta  Ac  Leop.  xix,  i,  PI.  31,  fig.  3 ;  also 

Suhultze,  1867,  Mon.  Echin.  Eifel  Kalk,  p.  65,  PI.  4,  fig.  4.  Devonian.  Eifel, 

Germ. 


1881.]  NATURAL  SGIENCXS  OF  PHILADELPHIA.  297 

1878.  Xeloer.  Volborthi  Ad^tcI'D.     Iconogr.  Crin.  Suco.,  p.  20,  PI.  7,  figm.  8-11,  and 
PI.  23,  figs.  30-32.    Upper  Silur.    Gothland,  Sweden. 
(Angelin  figares  under  this  name  at  least  twu  different  species,  bis  PI.  18,  fig. 
10,  represents  eren  another  genas ;  the  latter  possibly  goes  together  with  the 
speeimen  on  PI.  26,  fig.  26,  n>ferred  to  Patellioor.  falmixLatm.) 

10.  SCTPHOCBIHTTS  Zenker. 

1888.  Zenker.    Beitr.  Naturgesch.  d.  Urwald.,  p.  2G. 

1830.  Munster.    Beitr.  z.  Pctrefactenk.,  iii,  p.  112. 

1850.  Quenstedt     Ilandbuch  der  Petrefacteuk.,  p.  621. 

1855.  F.  Roemer.     I^ethiea  Geogn.  (Aasg.  3),  p.  255. 

1878.  Zittel.     Handbuch  der  Palaoontologie,  i,  p.  372. 

(Not  ScyphoerinvB  Hall,  1847.    Paleoiit.  N.  York,  i,  p.  85.) 
(Not  Seyphoerinvs  Pictet,  1857.     Traite  de  Pal^nt.,  iv,  p.  320.) 

The  genus  under  consideration  is  not  to  be  confounded  with 
Scyphocrinus  Hall,  1847,  which  is  an  entirely  different  thing,  and 
as  we  believe,  a  83'nonym  of  Sfhizocrinus  Hall.  Sctjphorrinus 
Zenker,  is  inii>erfectly  known,  but  Zittel  is  probably  correct  in 
grouping  it  with  Melocrinus,  although  it  has  in  the  form  of  its 
radials,  and  in  the  large  number  of  interradial  plates,  close 
affinities  with  PeriechovrinuH^  from  which  it  differs  in  the 
construction  of  the  anal  area.  Pictet's  identification  of  Scypho- 
crinus is  evidently  not  correct ;  he  describes  it  with  four  under 
basals  and  five  basals,  arranged  like  in  Cyathocrinua,  and 
otherwise  resembling  AcHnocriyiua, 

Generic  Diagnottis, — Caljx  very  large,  composed  of  numerous 
thin  plates,  which  are  beautifully  sculptured  ;  posterior  side  some- 
what wider,  and  hence  the  general  symmetry  slightly  bilateral. 

Basals,  according  to  Iloemer  and  others,  five.  Zittel  gives  their 
number  at  four.  Primary  radials  3x5,  nearly  of  equal  size  and 
varying  but  little  in  form,  all  higher  than  wide ;  the  two  lower 
hexagonal ;  the  third  heptagonal  and  supporting  two  rows  of 
secondary  radials,  each  consisting  of  from  four  to  live  plates, 
longitudinally  arranged  and  separated  b\'  interaxillnry  pieces. 
The  radials  support  ten  arm-trunks,  which  give  oil'  numerous 
branches,  the  latter  closely  placed  together,  the  lower  ones  crossing 
each  other  and  forming  in  the  interradial  and  interaxillary  spaces 
an  unbroken  pavement ;  higher  up,  however,  the  arms  become  free 
and  diverge,  giving  off  long  slender  branches,  which  L\  turn 
throw  off  pinnule-like  armlets  (Zittel),  but  probably  true  pin- 
nules. The  main  trunks  and  branches  consist  of  short  single 
joints  with  deep  ventral  furrows,  their  articulating  faces  provided 
with  radiating  striae. 
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Interradial  series  constructed  of  numerous  plates,  the  first 
resting  upon  the  posterior  lateral  sides  of  the  first  radials,  and 
between  the  second  radials.  There  are  two  interradials  in  the 
second  series, three  in  the  third,  and  others  above.  The  posterior 
side  differs  in  having  three  plates  in  the  second,  and  four  to  five 
in  the  succeeding  series.  Construction  of  vault,  and  form  and 
position  of  the  anus,  unknown. 

Column  long,  round,  slender,  com|X)sed  of  short  joints;  central 
perforation  round  and  unusually  large. 

Geological  Position,  etc. — The  only  known  species  occurs  in  the 
Upper  Silurian  of  Bohemia. 

1838.  Soyphoorinuf  eleg^oi  Zenker.  Beitr.  Natargeech.  Urw.,  |>.  2ft,  PI.  4,  fig». 
A-F;  MUnster,  1839,  Beitr.  zur  Peticfacteiik.,  p.  112,  PI.  9,  fig.  S;  Qiien- 
>U tit,  1850,  Handb.  d.  Petref.  p.  621,  PI.  £5,  figs.  1-3;  F.  Roeiner,  1855, 
Letbaci  Qeogn.  (Aasg.  3).  p.  255,  PI.  4,  fi^s.  5  a.  b;  Zittcl,  187U,  Handb.  d. 
rn1aeon\  i,  p.  372.     Upper  Silur.     Karlstt  in.  Bohemia. 

11.    DOLATOCBINUS  Lyon. 

1857.  Lyon.     Geol.  Rep.  Kentucky,  iii,  p.  482. 

8yn.  Caeaboermu»  Troost.    List  of  Crin.  Tenn.,  1850. 
Syn.  Cacahoerinut  Hall.     15th.  Rep.  N.  York,  St.  Cab.  Nat.  Hist., 
p.  137. 

The  name  Cacabocrinus  was  proposed  by  Troost  in  his  cata- 
logue, but  the  genus  was  not  defined  until  1862  b}'  Hall.  Lyon's 
Dolatocrinus,  which  is  identical  with  Cacabocrinus,  was  described 
in  1857  and  hence  has  priority.  Lyon  described  the  genus  with 
three  basals,  Hall  with  five,  but  we  doubt  if  either  of  them  ever 
found  the  sutures.  The  basal  pieces  are  so  closely  anchj^losed, 
that  we  give  them  simply  as  constituting  a  solidly  anchylosed 
disk.  Dolatocrinus  diflfers  from  most  allied  genera  in  the  anal 
area,  which  in  its  construction  is  not  distinct  from  the  regular 
interradial  fields,  but  in  this  respect  it  resembles  StereocrinuSj 
which  we  place  subgenerically  under  it. 

Generic  Diagonis, — Body  spheroidal,  depressed  at  both  poles  ; 
wider  than  high.  Calyx  forming  a  low  spreading  basin,  of  which 
the  basals,  the  first,  and  partly  the  second  radials  form  the  bottom 
part ;  symmetry  regularly  pentahedral,  the  anal  area  not  distinct 
from  the  other  interradial  series. 

Vault  hemispherical,  depressed  in  the  interradial  portions,  the 
radial  zones  elevated,  giving  to  the  summit,  viewed  from  that  side, 
a  pentalobate  aspect. 
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Basals  united  by  anchylosis,  without  visible  suture  lines,  and 
forming  a  pentagon ;  small,  often  barely  extending  beyond  the 
circumference  of  the  column ;  the  median  part  strongly  concave 
or  the  entire  base  funnel-shaped  ;  central  perforation  or  passage 
for  the  columnar  canal  very  large,  pentalobate. 

Radials  3X5;  the  first  large,  hexagonal ;  the  second  quad- 
rangular, generally  with  convex  sides,  narrower  than  either  second 
or  third,  but  much  wider  than  high.  The  third  pentagonal,  and 
supporting  at  each  side  two  secondary  radials,  which  give  off  two 
arms  to  each  ray.  In  the  majority  of  species,  however,  there  are 
two  pairs  of  tertiary  radials  above  the  second  order,  or  four  arms 
to  the  ray.  The  secondary  radials,  and  the  tertiary  ones  if  these 
are  present,  are  almost  as  large  as  the  second  and  third  pnmaries. 
The  arms,  on  becoming  free,  bifurcate  two  or  three  times,  and  it 
appears  that  they  were  constructed  sometimes  of  a  single  series  of 
cuneiform  pieces  alternately  arranged,  but  more  generally  of  two 
series  of  interlocking  plates.     Pinnules  long,  slender  jointed. 

Interradials  three  or  more — their  number  greater  in  species 
with  four  arms  than  in  those  with  two  arms  to  the  ray — generally 
arranged  in  three  series.  The  first  interradial  plate  very  large,  the 
largest  plate  in  the  calyx ;  subcircular  to  subovoid ;  resting 
between  the  upi>er  sides  of  the  first  radials,  against  the  sides  of  the 
second  and  third,  and  between  the  lower  sloping  sides  of  the  first 
secondary  radials.  The  second  interradial  series  is  composed  of 
one  or  two  plates,  smaller  than  the  first.  The  third  series  consists 
of  two  or  three  much  smaller  plates,  sometimes  with  a  fourth  series 
above.  There  are  generally  a  few  interaxillary  plates  between  the 
secondary  radials. 

Vault  composed  of  rather  large  plates,  ornamented  with  coarse 
granules  or  small  irregular  nodes.  The  apical  dome  plates  well 
defined,  the  radial  pieces  slightly  tuberculous,  and  the  entire 
radial  portions  elevated ;  the  interradial  regions  depressed.  Anal 
aperture  subcentral,  evidently  extended  into  a  slender  tube. 

Column  unknown,  its  form  however  was  circular,  and  it  had  an 
unusually  large,  pentalobate  central  canal. 

Geological  Position^  etc, — In  the  Upper  Ilelderberg  and  lower 
beds  of  the  Hamilton  group,  Devon.,  and  only  found  in  America. 

1862.  Dolatoorinnt  gljptat  Hall.  (Caoaboor.  glyptat).  15th  Rep.  N.  York  St.  Cab. 
Nat.  Hist.,  p.  140 ;  Dolatoor.  glyptat  S.  A.  Miller,  Cat.  Pal.  Fobs.,  p.  72. 
Hamilton  gr.    Gcnessee  Co.,  N.  Y. 
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1862.  Dolatoor.  glyptnt  var.  intermedint  Hall.  (Caoaboorinnt).  15th  Rep.  N.York 

St.  Cab.  Nat.  Hist.,  p.  141.     liamilton  gr.     LiviDgston  Co.,  N.  Y. 
1S57.  DoUtOOr.  laont  Lyon.  (Type  of  the  genus).     Geol.  Rep.  Ky.,  iii,  p.  482,  PI.  4, 

figs.  2  a,  b,  c.     Enorinal  limest.     Beargrass  quarries,  Loaisville,  Ky. 
1862.  Dolatoor.  lameUotnt  Hall.  (Caoaboor.  lamellotnt).  15th  Rep.  N.York  St. Cat. 

Nat.  Hist.,  p.  141 ;  DolUoor.  limellotut  S.  A.  Miller,  Cat.  Pal.  Foss,  p.  72. 

Western  N.  Y.     Upper  Helderberg  gr. 
1862.  Dolatoor.  liratnt  Hall.  (Caoaboor.  liratas).   15th  Rep.  N.  York  St.  Cub.  Nat. 

Hist.,  p.  139 ;  Dolatoor.  liratnt  S.  A.  Miller,  Cat.  Pal.  Fobs.,  p.  72.    Western 

N.  Y.     Hamilton  gr. 
1862.  Dolatoor.  liratnt  var.  maltilira  Hall.  (CaoaboorinoB).  15th  Rep.  N.  York  St. 

Cab.  Nat.  Hist.,  p.  139.     Hamilton  gr.     Western  N.  Y. 
1869.  Dolatoor.  Marthi  Lyon.      Trans.  Am.  Philos.  Soc,  vol.  13,  p.  461,  PI.  27, 

figs>.  n,  1,2.     Upper  HeUerborg  gr.     Falls  of  the  Ohio. 
1862.  Dolatoor.  tpeoioint  Hall.    (Caoaboor.  tpeoiotnt).  15th  Rep.  N.  Yoik  St.  Cab. 

Nat.  Hist.,  p.  137;  Dolatoor.  tpeoiotut  S.  A.  Miller,  Cat.  Pal.  Foss.,  p.  72. 

Upper  Helderberg.     Schoharie,  N.  Y. 
1862.  Dolatoor.  Trootti  Hall.    (Caoaboor.  Trootti).    15th  Rep.  N.  York  St.  Cab. 

Nat.  Hist.,  p.  138;  Dolatoor.  Trooiti  S.  A.  Miller.    Cat.  Pal.  Fosp.,  p.  72. 

Hauiillon  gr.     Western  X.  Y. 

Subgenus  STEBE0CRINU8  Barns. 
1878.  Proceed.  Davenport  Acad.  Nat.  Sci.,  vol.  11,  p.  283. 

StereocHnxis  in  general  form,  mode  of  ornamentation,  and  in  the 
construction  of  the  plates,  resembles  the  simpler  form  of  Dolato- 
crinus.  It  differs  from  it  in  having  two,  instead  of  3X5,  primary 
radials,  and  the  basal  plates,  although  closely  anchylosed,  dis- 
tinctly divided  into  three  pieces. 

Through  the  kindness  of  Kev.  Dr.  Barris,  we  examined  a  large 
number  of  specimens  from  Davenport,  and  became  satisfied  that 
the  reduction  in  the  number  of  radials  is  not  accidental,  but  a 
constant  character,  which  extends  to  more  than  one  species. 
Other  specimens  have  since  been  found  by  Dr.  Barris  in  the  Lake 
Superior  region,  which  confirm  this  opinion.  The  upper  radials 
in  Stereocrinus  are  of  the  same  size,  and  nearly  of  the  same  form, 
as  the  second  and  third  radials  combined  in  Dolatocrinus^  and 
this  suggests  a  modification  from  tiie  two  pieces  in  the  one,  to  a 
single  plate  in  the  other.  It  is  very  possible  tiiat  in  Dolalocrinus 
the  two  pieces  were  united  b}^  syzj'gie,*  while  in  Stereocrinus 
they  became  perfectly  anchylosed. 

^  In  our  general  remarks  upon  the  Actlnocrinid»,  we  have  suggested 
that  probably  in  genera,  in  which  the  second  radial  is  quadrangular  and 
transversely  arranged  like  in  Batoerinus  and  Dolatocrinus,  this  plate  repre- 
sents a  mere  hypozygial  joint,  which  with  the  axillary  plate  forms  a  syzygie. 
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This  seems  to  us  sufficient  to  separate  the  two  forms,  hut  in 
other  respects  the  relations  with  Dolatocrinus  are  so  close,  that 
they  justify  only  a  subgeneric  division,  for  which  we  propose  the 
following : — 

Diagnosis. — Bod}'  depressed ;  calyx  truncate  np  to  the  second 
radials,  the  latter  bending  abruptly  and  forming  a  low  basin  with 
straight  sides.  Dome  but  slightly  elevated,  its  interradial  por- 
tions depressed  and  deeply  grooved  toward  the  arm  bases,  giving 
to  the  radial  regions  a  certain  prominence,  and  to  the  body, 
viewed  from  the  summit,  a  somewhat  lobed  appearance;  sym- 
metry strictU'  pentahedral. 

Basal  disk  small,  scarcely  projecting  beyond  the  column,  funnel- 
shaped,  composed  of  three  closely  aiichylosed  pieces.  Primary 
radials  2X5;  the  first  hexagonal;  the  second  pentagonal,  sup- 
porting two  ra<lials  of  the  second  order,  the  latter  sujjporting  the 
arms.  So  far  as  the  specimens  are  preserved,  there  are  only  two 
arm  ojienings  to  each  ray,  these,  however,  are  so  large  that  they 
mav  form  the  inner  cavity  of  free  brachial  appendages  with 
numerous  arms.     Arms  entirelv  unknown. 

Intcrradials  two,  large,  with  several  small  plates  above;  the 
two  former  in  series  of  one  each  ;  the  first  the  largest  plate  of 
the  body,  heptagonal ;  the  second  hexagonal,  smaller  than  the 
radial  plates ;  succeeding  pieces  placed  within  the  depressions 
between  the  arm  bases;  anal  side  not  distinct. 

Vault  composed  of  a  moderate  number  of  medium-sized  pieces  ; 
apical  dome-plates  easily  recognized  by  their  larger  size.  Anal 
opening  sulxientral,  extended  into  a  tulK». 

Column  round  ;  central  canal  large,  pentalobate. 

Geological  Position^  etc, — Upper  Helderberg  group  of  America. 

187S.  StereooriniiB  triangulatns  D.irris.    Davenport  A-al.  Nat.  Sci.,  j>.  2S?,.  Pl.  11, 

fiprP.  1,  2.     Enerinal  limest.     Near  Davfiiport,  Towa. 
IS7S.  Stereocr.  triangnlatui  var.  liratns  Uarrii>.    Ibi<l.  ]>.  284,   PI.  Ii.  fijr.  3. 

Kncrin.il  liu.e.'<t.     Near  Davtnp<»rtj  Iowa. 

d.  Periechocrikites. 
12.  PERIECHOCRINUS.  Austin. 

1842.  Austin.     Ann.  and  Mag.  Nat.  Hist.,  x,  p.  109  (no definition). 

1843.  Austin.     Ibid.,  xi,  p.  203. 

1843.  Morris.     Cat.  Brit.  Foss.    cd.  lst>,  p.  56. 
ia57.  Pictt't.    Traite  de  Paleont.,  iv,  p.  323. 
1878.  An<;e1.    Iconogr.  Crin.  Suec,  p.  6. 
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1879.  Zittel.    Handb.  der  Palseontologie,  i,  p.  868. 

Syn.  AetinocrinuB  Miller,  1821  (in  part).    Hist.  Grinoidea,  p.  116. 
Syn.  Aetino€rinu$  Phillips,  1839.    Murchis.  Silur.  Syst.,  p.  57. 
Syn.  TroeKoerinites  Portlock,  1848.    Geol.  of  Londonderry,  p.  845. 
Syn.  Pradoennu9  De  Vemeuil,  1850.    Bull.  Soc.  Geol.  France  (ser. 

ii),  vol.  vii,  p.  184. 
Syn.  Geoorinui  d'Orbigny,  1850.    Prodr.  de  Pal^ont.,  1,  p.  46. 
Syn.  8accocrinu$  Troost,  1850.     List.  Crin.  Tenn. 
Syn.  Saeeocrinui  Hall,  1852.    Paleont.  New  York,  ii,  p.  205. 
Syn.  PyxidoerintLS  Muller  (in  part),  1857.     Neue  Echin.  Eifel  Kalk, 

p.  253. 
Syn.  (?)  Troehocrinites  Pander,  1858.     HelmersoD's  Geol.  Bermerk. 

aui  einer  Reise  in  Schweden,  etc.,  p.  20. 
Syn.  Saeeoerinus  Roemcr,  1860.    Silur.  Fauna  West.  Tenn.,  p.  42. 
Syn.  Aetinoer.  {Megistoerinui}  Hall,  1861.    Bost.  Joum.  Nat.  Hist., 

p.  271. 
Syn.  Aetinoer.  (Pradocrinui)  Meek  and  Worth.,  1861.    Proc.  Acad. 

Nat.  Sci.  Phila.,  p.  138. 
Syn.  Aetinoerinu9  Hall,  1863.    Trans.  Albany  Inst.,  y,  p.  196. 
Syn.  MegUtocrinuB  Winchell  and  Marcy,  1865  (not  Ow.  and  Shum.). 

Mem.  Bost  Soc.  Nat.  Hist.,  i,  p.  87. 
Syn.  SaccoerinuB  Meek  and  Worth.,   1869.    Geol.    Rep.  HI.,  iii, 

p.  847. 
Syn.  Aetinoer,  (SaceocrinuB)  Meek  and  Worth.,  1869.    Geol.  Rep. 

ni.,  iii,  p.  470. 
Syn.  MegtBtocr,  (SaecoerinuB)  Meek  and  Worth.,  1878.    Geol.  Rep. 

111.,  vol.  V,  p.  897. 
Syn.  AetinoerinuB  Angelin,  1878  (in  part).    loonogr.  Crin.  Suec., 

p.  6. 
Syn.  SaeeoerinuB  S.  A.  Miller.     Joum.  Cincin.  Soc.  Nat.   Hi^ 

(July  No.). 

Austin -8  definition  of  Periechocrimts  is  not  so  clear  as  might 
be  wished,  but  sufficienth'  distinct  to  imply  that  he  described  a 
group  of  Crinoids  of  which  Miller's  Actinocrinus  moniliformis  is 
the  type.  None  of  Austin's  species  were  figured ;  the  first,  P. 
articulo8U8j  is  but  little  known,  the  second,  P.  costatus  has  been 
.  regarded  a  synonym  of  ^c/i«oer.  moniliformis,  while  the  third, 
F,  glohidosus,  has  not  been  defined.  The  species  are  character- 
ized by  their  elongate  sack-like  form,  the  thinness  of  their  body 
plates,  the  exceedingly  high  radials,  the  conspicuous  elevated 
ridges  along  the  radials,  the  large  interradial  and  interaxillary 
spaces,  the  wide  anal  area  with  a  plate  in  line  with  the  first 
radials,  and  the  large,  slender,  more  or  less  branching  arms.  This 
includes  the  American  species  for  which  Troost  and  Hall  proposed 
the  genus  Saeeoerinus. 
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It  makes  but  little  difference  whether  the  arms  in  Sacrocrinus 
speciosus  (Hairs  type)  branch  again  after  they  become  free,  or 
exclusively  within  the  body  as  in  the  case  of  Periechocrinus 
moniliformis^  provided  their  mode  of  branching  and  their  con- 
struction otherwise  is  similar,  and  this  is  evidently  here  the  case. 
There  are  among  the  European  species  several  in  which  the 
arms  branch  in  their  free  state,  and  we  find  among  them  all  pos- 
sible intermediate  gradations,  from  two  simple  arms  in  the  ray 
to  eight,  and  these  either  simple  or  branching.  Angelin  refers 
species  with  only  two  and  four  arms,  if  remaining  simple,  to 
ActinocrinuB^  but  it  seems  to  us,  that  a  generic  separation,  based 
upon  the  number  of  arms,  cannot  Ik*  upheld  in  a  group  in  which 
a  branching  of  the  arms  is  not  only  admitted,  but  very  charac- 
teristic* 

Angelinas  Actinocr,  medius  and  A,  major  have  underbasals,  and 
are  referred  bv  us  to  the  Rhodocrinidje. 

We  place  here  with  doubt  Angelinas  Periechocr.  Goihlandicus 
and  P,  radiatus,  which  both  dilfer  in  the  secondary  radials  and  in 
the  8t3'le  of  ornamentation  from  all  other  species,  while  they 
agree  on  the  same  points  and  in  their  general  aspect  with  Ohjpto- 
crinus.  None  of  the  figured  sjHicimens  show  the  anal  side,  and  it 
seems  quite  possible  that  the  two  8i>ecics,  like  Glyptocrinus^  had 
no  anal  plates  in  line  with  the  first  ra<lials. 

Periechocrinus  grandiscutafus^  P,  muUicostatus^  P.  undulalus^ 
P.annulatuB  and  P.  yeome/Kcws,  Angelin's  species,  were  described 
from  fragmentary  plates,  and  their  identification  is  doubtful,  the 
latter  even,  if  correctly  figured,  had  uuderbasals.  In  that  species 
only  the  plates  of  the  two  proximal  rings  are  known,  those  of  the 
second  ring  are  angular  above,  instead  of  truncate,  and  hence  the 
succeeding  ring  must  have  been  alternately  arranged. 

According  to  our  interpretation,  Periechocrinus  includes  also 
several  si)ecies  from  the  lower  Subcarboniferous,  which  heretofore 
have  been  variously  referred  to  Actinocrinus^  MegidocrinuSj  or 
PradocrinuB^  but  only  species  with  thin  plates  and  elongate  body, 
leaving  those  with  heavy  plates,  depressed  body,  and  short  radials 
under  Megistocrinus. 

We  are  aware  that  we  include  in  this  genus  some  species  which 

*  In  Aet{fiocr%ny4  the  case  is  similar,  some  species  having  four,  others 
eight  simple  arms,  and  the  last  survivors  of  the  genus  have  their  arms 
branching  in  the  free  state  as  in  species  of  Periechoerinui. 
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possess  a  simple  anal  opening,  others  with  apparently  a  small 
ventral  tube,  but  we  were  obliged  to  do  so,  because  the  construc- 
tion of  the  ventral  disk  is  so  little  known,  that  a  subgeneric 
division  in  this  case  could  not  as  yet  Ikj  carried  out  practically. 

Pradocinnns  de  Vemeuil,  1850,  is  identical  with  Austin's  genus, 
also  Geoc7Hnu8  d'Orbigny,  which  was  proposed  the  same  year, 
and  based  upon  Miller's  Actinocr,  moniliformis.  Joh.  Miiller 
referred  Pradocrinus  to  his  Pyxidocrinus^  a  genus  in  which  he 
proposed  to  embrace  those  species  of  the  Actinocrinus  group 
which  possess  interaxillary  plates.  Angelin  identifies  Trocho- 
crinuH  Pander  with  Periechocriniis,  while  Bigsb}'  takes  it  to  be 
a  synonym  of  Ghjptocrinus,  Trochocrinitea  Gothlandicus^ 
certainly  differs  in  several  respects  from  typical  species  of 
Periechocrinus, 

The  name  Trochocrinites  was  preoccupied  by  Portlock  in  1848. 
His  only  species  P.  lasvis  was  descriljed  from  a  very  imperfect 
specimen,  and  we  cannot  accurately  determine  its  relations,  though 
it  seems  to  be  allied  to  the  group  of  P.  Gothlandicus.  It  is  cer- 
tainly quite  distinct  fVom  Angelinas  P.  la^vis.  We  should  be 
inclined  to  place  this  species  with  P,  Gothlandicus^  P.  radiatus^ 
and  P,  jndcher  in  a  separate  group  under  Poitlock-s  name,  but  it 
is  possible  they  all  belong  to  Glyptocrinus^  and  we  dislike  to 
encum])er  the  subject  with  generic  separations  based  upon  such 
imperfect  data. 

Austin  made  Periechocrinus  the  type  of  a  distinct  family,  and 
included  in  it  Sagenocrinus^  while  Pict6t  and  Zittel  refer  it  to  the 
Actinocrinidfle. 

Generic  Diagnosis, — Body  large,  elongate  and  somewhat  urn- 
shaped  ;  composed  of  thin,  almost  smooth  or  delicately  sculptured 
plates ;  radials  marked  along  their  centres  with  a  conspicuous 
elevated  ridge,  passing  from  plate  to  plate,  which  divides  upon 
each  axillary  piece,  and  which  toward  the  arm-bases  increases  in 
prominence,  until  it  gradually  becomes  identified  with  the  free 
arms.     Symmetry  bilateral. 

Basnls  three,  of  equal  size,  united  into  a  spreading  cup ; 
articulating  facets  for  the  reception  of  the  column  wide. 

Primary  radials  3X5,  comparatively  long  and  narrow,  con- 
necting line  unusually  short,  sometimes  joining  only  by  the  point 
of  an  angle.  The  first  radials  large,  alternately  hexagonal  or 
heptagonal ;  the  second  hexagonal  and  smaller ;  the  third  smaller 
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than  the  second,  hexagonal  or  heptagonal,  with  an  obtuse  upper 
angle  supporting  the  secondary  radials.  The  latter  usually 
consist  of  2  X  10  plates,  the  upper  row,  in  some  species,  curving 
outward  and  supporting  the  free  arms,  in  others  straight,  axillary, 
and  supporting  the  higher  orders  of  radials,  which  give  off  the 
arms  from  every  second  plate,  and  alternately  from  opposite 
sides.  The  arms  in  either  case  are  simple  or  branching,  long, 
slender,  rounded,  decreasing  in  width  upward.  They  are  from  the 
body  up  composed  of  two  series  of  small  alternating  pieces,  and 
the  bifurcating  takes  place  after  the  arms  have  passed  into  a 
double  series  of  interlocking  pieces. 

Pinnules  slender,  closely  abutting. 

Interradial  plates  numerous;  the  first  one  large,  generally 
hexagonal,  supporting  two  plates  in  the  second ,  and  two  in  the 
third  range,  with  several  series  above,  each  containing  from  two 
to  three  plates,  which  gradually  decrease  in  size  toward  the 
summit.  The  posterior  side  much  wider;  first  anal  plate  hep- 
tagonal, equal  in  form  to  the  first  radials  ahd  in  line  with  them, 
followed  by  three  plates  in  the  second  series,  and  by  a  large 
number  of  small  plates  aliove. 

Interaxillaries  numerous.  Vault  "depressed,  from  moderately 
convex  to  almost  flat;  composed  of  small,  irregularly  arranged, 
smooth  pieces,  among  which  the  ai)ical  plates  are  indistinctly 
represented.  Anus  suljcentral,  either  in  form  of  an  opening 
through  the  vault,  or  in  some  species  probably  extended  into  a 
small  tube. 

Column  large,  round, central  canal  moderately  wide  and  round. 

Oeological  Position^  etc. — Feriechocrinus  occurs  from  the  Upper 
Silurian  to  the  base  of  the  Subcarboniferous  (Burlington  Limest.), 
and  is  found  both  in  America  and  Europe. 

We  recognize  the  following  species  : — 

*1S61.  Perifchoerinnt  amplat  Meek  and  Worth.    (Aotinoor.  Pradoor.  ampins). 

Proo.  Acad.  Nat.  Sci.  Phila.,  p.  133 ;  also  1868,  Geol.  Rep.  III.,  iii,  p.  470, 

PI.  16,  fig.  2.     Upper  Burlrngton  limest.     Burlington,  Iowa. 
1843.  Pwieohoer.  artienlotui  Austin.    Ann.  and  Mag.  Nat.  Hist.,  xi,  p.  204.  Upper 

Silnr.     Dudley,  Eng. 
*1856.  Ptrieehoer.  Baylii  de  Vemeuil.    (Pradoer.  Baylii)  Bull.  Soo.  G6ol.  de  France 

(ser.  ii),  vol.  vii,  p.  184,  PI.  4,  figs.  11  a,  b,  o.     Devonian.     District  Satero, 

Spain. 
*1878.  Ptrieeboer.  breTimanat  Angel.    (Aotinoor.  brevimannB)  loonogr.  Crin. 

Boee.,  p.  6,  PI.  18,  fig.  12.     Upper  Silur.    Gothland,  Sweden. 

21 
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•1863.  Ptrieehoer.  ChrlitTi  HaU.    (Aetinoer.  Chriityi— not  Shun.,  1856)  Trsni. 

Albany  Inst,  iv,  p.  196;  (Abatr.,  p.  2);  Meek  And  Worth,  1868,  Saoeoer. 

ChTjityi,  Oeol.  Rep.  III.,  iii,  p.  347,  PI.  5,  fig.  1 ;  Also  Hall,  1879, 28th  Rep.  N. 

T.  St.  Cab.  Nat.  Hist.  (ed.  ii),  p.  127,  PI.  IS,  figs.  12-20.    Niagara  gr. 

Waldron,  Ind.,  near  Chicago,  III. ;  and  Raoine,  Wif . 
Syn,  AoUnoer.  WhiUUldi  Hall,  1868.   20tb  Rep.  N.  York  St.  Cab.  Nat.  Hiit., 

p.  326;  Aotinoer.  (BAoeoer.)  WhiUUldi  Hall.    Ibid.  (Reriied  Bd.),  1870, 

pp.  370  and  430. 
^jfii.  Megiftoor.  Mareoiuuiut  (1860)  Winchell  and  Maroy.    Mem.  Host.  Soc. 

Nat.  Hist.,  i,  p.  87,  PI.  2,  fig.  5.    S.  A.  Miller,  Joom.  Cinoin.  Soc  Nat.  Hist. 

(July  number),  considers  it  a  good  species. 
Sjfn,  MegUtoer.  infSBliz  Winch,  and  Marey,  1866.    Ibid.,  p.  7. 
*1868.  Ptritohoer.  Oothlandieus  Pander.    (TroehooriiiitM  OothUmdiou)  Helmer- 

son's  Geol.  Bemerk.  aaf  einer  Reise  in  Schweden  and  Norwegen,  p.  20,  PI.  3, 

figs,  a,  b,  d,  e  (not  c);  Angelin,  1878,  Ptritehoer.  gothlftBdiont,  loonogr. 

Crin.  Saec.,  p.  7,  PI.  z,  figs.  3,  4.     Upper  Silar.    Gothland,  Sweden. 
This  species  and  P.  radiatuf  differ  from  the  typical  form  of  the  genus. 
1878.  Ptrifchoer.  intarradiataf  Angl.    Iconogr.    Crin.   Suec.     Figured   without 

description,  PI.  19,  fig.  16.     Upper  Silur.    Dudley,  Eng. 
*1848.  Ptrieehoer.  IstIi  Portlock.    (Troelioerlaitee  UswU)  Geol.  of  Londenderry, 

p.  346,  PI.  16,  fig.  1.    Silurian.    Tyrone,  Ireland. 
*1880.  Perieehoer.   LindstrOmi  Waohsm.    and   Spr.    (Described   by  Angelin  as 

Aetiaoer.  interrftdUtoe  =  Perieehoer.  interrftdiatae— not  the  previous 

species  from  Dudley).     loonogr.  Crin.  Suec.,  p.  6,  PI.  26,  fig.  16.    Upper 

Silur.    Gothland,  Sweden. 
This  species  was  named  in  honor  of  Prof.  Lindstr5m  of  Stockholm. 
*1878.  Perieehoer.  longidigitatoi  Angel.  (Aetinoer.  longidigitatni)  Iconogr.  Crin. 

Suec.,  p.  6,  PI.  26,figs.  10, 10  a.     Upper  Silur.    Gothland,Sweden. 
*1878.  Perieehoer. .  longinuume  Angel.    (Aetinoer.  longiBuurai).    Iconogr.  Crin. 

Suec.,  p.  6,  PI.  16,  fig.  17  and  PI.  26,  fig.  16;  PI.  28,  figs.  6  and  6.    Upper 

Silur.    Gothland,  Sweden. 
*1S78.  Perieehoer.  minor  Wachsm.  and  Spr.    (Desc.  by  Angel,  as  P.  UBTie,  not 

P.  layie  Portlock's  sp.)    Iconogr.  Crin.  Suec.,  p.  7,  PI.  18,  fig.  11.    Upper 

Silur.    Gothland,  Sweden. 
1821.  .Perieehoer.  moniliformii  Miller.  (Aetinoer.  monilifbrmie).  Type  of  the  genus, 

Nat.  Hist.  Crinoidea,  p.   116;   Phillips,  1830,  Murohison's  Silur.  Syst.,  p. 

673,  PI.  18,  fig.  4;  d'Orbigny,  1860,  Oeoor.  nuwilifonnie  Prodr.,  i,  p.  46; 

Angel.,  1878,  Iconogr.  Crin.  Suec.,  PI.  10,  figs.  14,  a,  b,  c.    Upper  Silur. 

Dudley,  Eng. 
S^n,  Perieehoer.  eoetatui  Austin,  1843.    Ann.  and  Mag.  Nat.  HisL,  zi, 

p.  204. 
*1878.  Perieehoer.  nnbilni  Angelin.    (Aetinoer.  nnbilne).    loonogr.  Crin.  Suec.,  p. 

6,  PI.  18,  fig.  14.    Upper  Silur.    Gothland,  Sweden. 
*1876.  Perieehoer.  omntne  Hall.    (Seoeoer.  omntne).    Geol.  Rep.  Ohio  Paleont., 

ii,  p.  126,  PI.  6,  figs.  7,  9.    Niagara  gr.    Yellow  Springs,  0. 
•1864.  (?)  Perieehoer.  pnloher  (Salter  MS.)  McCoy.    (Aetinoer.  pnleher).    Synop* 

Brit.  Pal.  Foss.,  p.  66,  PI.  1  d,  fig.  3.    Upper  Silur.    Wales. 
(This  species  is  not  well  known,  and  may  possibly  belong  to  a  separate  group 

with  P.  radiatni,  P.  gothUndioni,  or  may  be  a  Oljptoorinni.) 
•1878.  Perieehoer.  qninqnangnlarie  AngeL  (Aetinoer.  qninqnangalnrii).  loonogr. 

Crin.  Suec.,  p.  6,  PL  16,  figs.  27,  27  a,  28.    Upper  Silur.    Gothland,  Sweden. 
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1878.  (?)  FiriMboer.  radUtu  Ang«].    leonogr.  Crin.  Sueo.,  p.  7,  PI.  10,  figs.  1  and 
2,  and  PI.  28,  ftg.  8;   and  Bl.  27,  figi.  6,  7.     Upper  Silar.    Gothland, 
8weden. 
This  form  differs  in  the  site,  in  the  style  of  ornamentation,  and  the  greater 
nnmber  of  seeondary  radials,  from  the  typical  species. 

1878.  FtrUohoer.  Maaiem  Angel.  Iconogr.  Crin.  Suec.,  p.  7,  PL  19,  figs.  16, 18  a. 
Upper  Silor.    Gothland,  Sweden. 

*1878.  FttiMhoer.  BohultiUBttt  Angel.  (Aotinocr.  SohultiUBttt).  loonogr.  Crin. 
8aec.,  p.  6,  PI.  18,  fig.  IS.    Upper  Silnr.    Gothland,  Sweden. 

•1867.  (?)  F^ritehoer.  MmintdUtat  Hall.  (Baoeoer.  MmintdUtu).  20th  Rep.  N. 
T.  St.  Cat.  Nat.  Hist.,  p.  87,  PL  10,  fig.  1.  Niagara  gr.  Racine,  Wis. 
Dete.  from  natural  casts. 

*1862.  Ptrlcehoer.  tpaeiofiii  Hall.  (Baoooer.  tpeoiotna).  Paleont.  N.  T.,  ii,  p. 
205,  PL  44,  figs.  I  and  2;  also  Roemer,  1860,  Silnr.  Fauna  West  Tenn.,  p. 
42,  PI.  3,  fig.  4.    Niagara  gr.    Western  Tennessee. 

*1861.  PvritolLoer.  taanidiMiu  HalL  (Aotiaoer.  (?)  tonniditmii).  Desc.  New 
Spec.  Pal.  Crin.,  p.  14.    Lower  Burlington  limest.    Burlington,  Iowa. 

•1861.  Piriaehoer.  Whitti  Hall.  (Aetlnocr.— Magif toor.— Whitai).  Desc.  New 
Spec  PaL  Crin.,  p.  2;  also  Bost.  Joum.  Nat.  Hist.,  p.  271;  Meek  and 
Worthen,  1873,  Xagittoor.  Baooacr.  Whitei,  Geol.  Rep.  III.,  ▼,  PI.  6,  fig.  1. 
Lower  Burlington  limest.  Burlington,  Iowa. 
The  name  of  this  species  was  printed  originally  AoUaoer.  Xagif  toer.  olUou- 
Im,  but  Hall  changed  it  before  publication  in  writing  as  given  above. 
Among  the  Photogr.  Plates  subsequently  published  by  Hall  of  some  of  his 
new  species  (drawn  by  Whitfield  and  photographed  by  Haines),  we  find  that 
through  mistake  fig.  6  on  PI.  4  has  been  referred  to  Megiftoer.  Whitai. 
This  is  beyond  doubt  Hall's  AetiXiOor.  glana,  an  entirely  different  form, 
which  has  a  long  slender  anal  tube  and  •imjUe  arms,  the  reverse  of  Magiitocr. 
Whitaif  which  has  an  anal  opening  through  tht  t4§t  and  branching  arms. 
The  original,  formerly  in  the  collection  of  Rev.  Wm.  H.  Barris,  and  now  in 
the  Museum  of  Comp.  Zoology  at  Cambridge,  was  returned  by  Hall  labeled 
Aatiaoar.  aryx,  which  is  identical  with  Aotinocr.  glana.  The  type  speci- 
men of  Xagittoor.  Whitai  is  in  the  Museum  at  Ann  Arbor. 

18.  ABACOCBIVUB  Angelin. 

1878.  Angelin.    loonogr.  Grin.  Suec.,  p.  19. 

1879.  Zittel.    Handbuch  der  Palseontologie,  i,  p.  878. 

Syn.  AeUnocrinui  GoldfUaa  (in  part',  1826.     Petief.  Germ.,  1,  p. 
194. 

Abacacrinus  has  its  closest  affinities  with  Megiatocrinus  Owen 
and  Shum.,  from  which  it  differs  in  the  number  of  basals,  and 
perhaps  (?)  in  the  construction  of  the  vault,  which  in  the  former. 
is  not  known.    It  differs  from  Periechocrinus  in  being  composed 
of  heavier  plates,  and  in  the  number  of  basals. 

Angelin  places  Abacocrinu8  with  Corym&ocrt7)?i8  into  a  separate 
fkmily.  The  two  agree  remarkably  in  the  arm  structure,  and  both 
have  four  basals ;  but  the  latter  plates  which  in  Abacocrinus  are 
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large  and  formed  into  a  cup,  in  Corymbocrinua  are  very  small, 
hidden  from  view,  and  located  within  a  deep  funnel  as  in  the  case 
of  Eucalyptocrinus,  With  this  genus  and  the  allied  Callicrinus, 
Corymbocrinus  agrees  in  the  general  construction  of  the  calyx 
so  closely,  that  it  would  be  difficult  to  distinguish  them  even  gen- 
erically,  unless  the  vault  and  arms  were  preserved.  We  therefore 
arrange  Corymbocrinus  with  the  Calyptocrinidae, 

Zittel  places  Abacocrinus  and  Cromycrinua  both  under  the 
Melocrinidae. 

Oeneric  Diagnosis, — Body  large,  oblong.  Calyx  ovoid  to  sub- 
globose  ;  composed  of  numerous,  rather  heavy  and  convex  plates  ; 
symmetry  bilateral. 

Basal  disk  convex,  largely  extending  beyond  the  column ;  com- 
posed of  four  unequal  plates,  with  a  shallow  concavity  for  the 
reception  of  the  column.  Primary  radials  3X5,  the  two  proxi- 
mal ones  much  wider  than  high;  the  first  pentagonal  or  hex- 
agonal, and  owing  to  the  irregular  number  of  basals,  differing 
somewhat  in  form.  The  second  radials  are  hexagonal,  except  the 
posterior  ones  which  are  pentagonal,  smaller  than  the  first.  The 
third  irregularly  pentagonal  or  hexagonal,  depending  on  the  rela- 
tive size  of  adjoining  interradials,  sometimes  even  heptagonal. 

Secondary  radials  2  X  10;  comparatively  large,  supporting  two 
rows  of  from  five  to  six  plates  each,  transversely  arranged,  alterna- 
ting with  each  other,and  laterally  interlocking.  The  first  series  com- 
paratively higher,  the  succeeding  plates  gradually  decreasing  in 
length  but  increasing  in  width.  The  two  rows  resemble,  and 
evidently  were,  interlocking  arm  plates,  which  in  geological  times 
and  by  age  became  fixed  and  enclosed  within  the  body ;  they  form 
the  two  main  trunks  of  the  ray,  which  divides  on  becoming  free, 
each  branch  dividing  several  times  again,  but  irregularly  at  uneven 
intervals. 

Arms  branching,  long,  gradually  tapering,  from  the  base  up 
composed  of  two  rows  of  plates,  which  increase  to  four  when  the 
bifurcation  takes  place.     Pinnules  long. 

Interradials  numerous,  with  one  plate  in  the  first,  two  in  the 
second,  and  generally  a  single  one  in  the  third  series,  all  large 
and  nearly  of  equal  size.  The  fourth  series  has  generally  but  one 
plate,  which  is  followed  by  several  other  series  of  smaller  plates, 
each  composed  of  from  two  to  three  pieces.  The  first  anal  plate 
is  octangular,  exceedingly  large,  larger  even  than  the  first  radials. 
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It  lies  directly  above  one  of  the  basals,  resting  upon  its  truncate 
upper  side.  Second  series  composed  of  three  plates,  the  middle 
one  extending  beyond  the  other  two ;  the  two  outer  ones  in  line 
with  the  second  series  of  intcrradials  (not  the  first  as  is  usually 
the  case),  and  rests  against  the  superior  edges  of  the  second  (not 
the  first  radials),  these  again  are  followed  by  five  or  six  rows  of 
plates,  generally  of  three  each,  which  decrease  in  size  upward. 
The  plates  of  the  interaxillary  area  are  numerous. 

There  is  a  single  large  plate  in  each  of  the  two  first  series,  which, 
together  with  the  upper  inter  radial  plates,  connect  the  two  main 
arm-trunks  with  the  body  walls.  Construction  of  the  vault 
unknown. 

Column  large,  composed  of  rather  high,  alternately  thicker  and 
thinner  joints. 

Geological  Position,  etc. — Abacocrinus,  so  far  as  known,  is  con- 
fined to  the  Upper  Silurian  of  Europe. 

Angelin  places  here  the  following  species : 

1878.  Abaooerinui  Capp«lliri  Angtlin.  Iconogr.  Grin.  Sueo.,  p.  19,  PI.  3,  figs.  S,  8  a. 

Upper  Silur.     Qothland,  Sweden. 
1878.  Abaeocr.  medint  Angelin.    Iconogr.  Crin.  Saeo.,  p.  19,  PI.  24,  fig.  1.    Upper 

Silur.     Gothland,  Sweden. 
1878.  Abaeoor.  teaaellatat  Angl.    Iconogr.  Crin.  Sueo.,  p.  19,  PI.  18,  fig.  6,  and  PI. 

23,  figs.  24,  26.     Upper  Silur.     Gothland,  Swe  Ion. 
1838.  Abaeoor.  tottoraoontadaotylnt  Goldf.  (Aotinocrinnt  tetteracontadactylas), 

Petref.  German,  i,  p.  194,  PI.  59,  fig.  5;  Angelin,  1878,  Ababoorinntt  (type 

of  the  genus).   Iconogr.  Crin.  Suec.,  p,  19,  PI.  18,  figs.  2,  5,  and  PI.  23,  figs. 

23,  23  a.     Upper  Silur.     Gothland,  Sweden. 

14.  MEOISTOCBIinTB  Owen  and  Shumard, 

1852.  Ow.  &  Shum.    U.  S.  Geol.  Kep.  Iowa.  Wis.  &  Minn.,  p.  594. 

1857.  Lyon.    Proc.  Acad.  Nat.  Sci.  Phila.,  p.  412. 

1858.  Hall.    Geol,  Rep.  Iowa,  i.,  pt  ii,  p.  479. 

1859.  Lyon  &  Gasseday.     Amer.  Jour  of  Sci.,  vol.  28,  p.  243. 
1862.  White.    Proc.  Bost.  Soc  Nat.  Hist.,  p.  16. 

1869.  Meek  &  Worth,  (in  part).  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  163. 
1878.  Meek  &  Worth,  (in  part).    Geol.  Kep.  Ill,  y,  p.  393. 
1876.  White.    Proc.  Acad.  Nat.  Sci.,  Phila.,  p.  29. 

1878.  Banris.    Proc.  Davenport.  Acad.  Nat.  Sci.,  ii ,  p.  285. 

1879.  Zittel.    Handbuch  der  Palaeontolo^ie,  i,  p.  371    (not  Hall,  1861, 

Bost.  Joum.  Nat.  Hist.,  p.  271  ;  nor  Winchell  and  Marcy,  1866, 
Mem.  Bos.  Soc.  Nat.  Hist.,  pp.  87  and  110  —  Periechoerinut), 

Byn.  Actinocrinui  Hall,  18o8.  Qeo\.  Rep.  Iowa,  1,  pt.  ii,  pp.  571  and 
578. 

Syn.  Aetinoerinu$  Lyon,  1857.    Geol.  Rep.  Ky.,  iii,  p.  479. 

Byn.  Sagenocrinu*  Angelin,  1878  (in  part) .    Iconogr.  Grin.  p.  8. 
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This  genus  is  closely  allied  to  Abacocrinusj  but  differs  essen- 
tially in  the  number  of  basals,  and  in  the  disposition  of  the  anal 
plates.  It  differs  from  Periechocrinus  in  the  depressed  form  of 
the  hody,  in  the  robust  nature  of  its  plates,  and  in  the  construc- 
tion of  the  vault. 

By  former  authors,  and  originally  by  Owen  and  Shumard,  Megtsto- 
crinua  was  referred  subgenerically  to  Actinocrinus.  It  was 
thereby  sufficiently  distinguished  as  long  as  the  majority  of  all 
Aptinocrinidae  were  referred  to  the  genus  ActinocrinuSj  but  since 
this  has  been  subdivided  and  restricted  to  a  limited  group,  it  is 
evident  that  Megistocrinus  should  form  a  distinct  genus.  Angelin 
made  it  a  synomym  of  Sagenocrinus  but  this  has  underbasals  and 
single-jointed  branching  arms. 

Generic  Diagnosis. — Species  generally  large.  Body  depressed, 
wider  than  high ;  calyx  in  form  of  a  cup  or  basin,  of  which  the 
lower  portions,  up  to  the  middle  of  the  first  radials,  form  the 
bottom  part ;  plates  heavy ;  dome  not  much  elevated ;  symmetry 
bilateral. 

Basals  three,  of  equal  size,  spreading  horizontally  and  producing 
an  equilateral,  hexagonal  disk,  which  is  either  on  the  same  plane 
with  the  surrounding  radials  and  first  anal  plate,  or,  which  forms 
between  those  plates  a  sunken  area  without  any  further  concavity. 
Primary  radials  3X5,  almost  of  like  form,  slightly  decreasing  in 
size  upward ;  all  wider  than  high,  and  generally  hexagonal.  The 
third  radials  have  an  obtuse  angle,  and  support  from  their  sloping 
sides  a  single  secondary  radial,  which  is  either  axillary  and  suc- 
ceeded by  1  X  2  X  10  tertiaty  radials,  or  is  followed  by  two  rows 
of  plates  which  are  arranged  transversely,  alternating  with  each 
other  and  interlocking,  and  which,  as  in  Abacocrinus,  form  the 
main  trunks  of  the  arms.  In  species  with  tertiary  radials  these 
support  two  rows  of  plates,  similar  to  those  of  the  preceding 
order,  and  there  are  within  the  body  three  or  four  arm  trunks 
instead  of  two. 

Arms  bifurcating  throughout  their  length,  and  in  a  similar 
manner  as  in  the  preceding  genus.  The  arms,  from  the  body  up, 
are  composed  of  two  rows  of  short  joints,  and  are  fringed  with 
long,  round  pinnules. 

Interradials  numerous ;  one  in  the  first,  two  in  the  second,  and 
three  in  the  third  series,  with  several  more  ranges  of  minute 
pieces  above.    First  anal  plate  in  line  with  the  first  radials,  and 
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of  the  same  form  and  proportions ;  succeeded  by  three  plates  in 
the  second,  three  or  four  in  the  third,  and  a  number  of  irregular 
small  plates  above.  Axillary  pieces  three  or  more,  which,  with 
the  upper  interradial  pieces,  connect  the  lower  portions  of  the  arms 
with  the  body. 

Vault  depressed,  slightly  convex,  composed  of  a  great  number 
of  pieces,  irregularly  arranged,  which  surround  the  considerably 
larger,  and  generally  nodose  or  spiniferous  apical  plates.  The 
central  plate  is  always  very  conspicuous,  and  is  enclosed  either 
directly  by  the  proximal  dome  plates  (but  only  in  very  small 
pieces  and  in  young  specimens),  or  it  is,  more  frequently,  sepa- 
rated from  the  others  by  a  broad  ring  of  small  pieces,  which 
also  separate  the  proximal  plates  from  each  other.  The  first 
radial  dome  plates  are  large,  isolated  and  pushed  near  the  margin 
of  the  ventral  disk.  Anal  opening  on  top  of  a  short  proboscidiform 
protuberance,  which  in  Devonian  species  is  placed  more  or  less 
excentric,  while  in  all  species  from  the  Subcarboniferous  it  is 
strictly  lateral  and  located  within  the  horizon  of  the  arm-bases. 

Column  round,  very  strong,  composed  of  alternately  thicker 
and  thinner  joints,  with  large  lateral  cirrhi  toward  the  lower  end, 
and  an  enormous  root ;  articulating  faces  of  all  columnar  joints 
strongly  marked  with  radiating  lines;  central  canal  very  large 
and  decidedly  pentalobate. 

Geological  Position^ etc. — Megistocrinus  rsnges  from  almost  the 
base  of  the  Devonian  to  the  Burlington  limestone,  where  it 
becomes  extinct.     It  is  only  known  from  America. 

We  recognize  the  following  species : — 

1S57.  MtgUtocriniii  abnormii  Lyon.    (Aotinoor.  abnormii).    Oeol.  Rep.  Ky.,  iii, 

p.  479,  PI.  4,  figs.  1  a,  b.     Encrioal  Hmest.    Deronian.    Louitville,  Ky. 
•1868.  liBfittocr.  brtvioomif  Hall.    (Aotinocr.  brtvioomit).    Qeol.  Rep.  Iowa,  i, 
pt.  ii,  p.  571)  PI.  10,  figs.  4  a,  b.  Lower  Barlington  limest.  Barlington,  Iowa. 
Syn.  Aetiaoor.  tuperUtui  Hall,  1858.     Qeol.  Rep.  Iowa,  ii,  p.  572. 
Syn.  Aotinoor.  minor  Hall,  1858.    Ibid.,  p.  573. 
1862.  Xtgiftoor.  oraotat  White.     Proo.  Boat.  Soo.  Nat.  Hist.,  iz,  p.  17.    Lower 

BttrlingtoD  limest.    Barlington,  Iowa. 
1S63.  Mifittoor.  doprottno  Hall.     15th  Rep.  N.  York  St.  CaH.  Nat.  Hist.,  p.  134. 

Hamilton  gr.    Western  N.  York. 
1S50.  Xogiatoor.  Imniii  Owen  and  Sham.  (Type  of  the  genns).  Aotinoor.  Erantii. 
Jour.  Aoad.  Nat.  Soi.  Phila.  (new  ser.),  rol.  i,  pt.  ii,  p.  68 ;  Mogittoor. 
Iraafii,  1852,  U.  8.  Geol.  Rep.  Iowa,  Wise,  and  Minn.,  p.  591,  PI.  5  A,  figs. 
3  a,  b.    Lower  and  Upper  Barlington  limest.    Barlington,  Iowa. 
i%n.  Xtgiftoor.  plonni  White.     Proc.  Bost.  Soo.  Nat.  Hist.,  iz,  p.  16. 
iSyn.  Xifittoor.  parrirottris  Meek  and  Worth.    Proo.  Aoad.  Nat.  Soi.  Phila., 
p.  166 ;  Geol.  Rep.  111.,  toI.  ▼,  p.  396,  PI.  6,  fig.  7. 
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Megittoor.  Evaniii  was  described  from  the  Lower,  and  X.  pUani,  and  X.  par- 
▼Irottrii  from  the  Upper  Burlington  limestone.  The  latter  is  evidently  only 
a  young  specimen  of  X.  plenntt  which  cannot  be  distinguished  sufficiently 
from  the  lower  bed  form.  It  is  highly  probable  that  X.  breTioomit  is  like- 
wise a  young  stage  of  X.  Evanflii. 
1876.  XegUtoor.  FamtwOrthi  White.  Proo.  Acad.  Nat.  Sci.  Phila.,  p.  29.  HamU- 
ton  gr.,  Devon.    Solen  and  Iowa  City,  Iowa. 

1857.  Xtgittoer.  Knappi  Lyon.    Proo.  Acad.  Nat.  Soi.  Phila.,  p.  412,  PI.  4,  figs.  6 

a,  b.     Upper  Helderberg,  Louisville,  Ky. 

1858.  Xegittoor.  latnt  Hall.    (leol.  Rep.  Iowa,  vol.  i,  pt.  ii,  p.  480,  PI.  1,  figs.  1  a,  b. 

Hamtltun  gr.    New  Buffalo,  Iowa. 
1S78.  Xegiftocr.  nodotut  Barrio.    Proc.  Davenport  Acad.  Nat.  Sci.,  vol.  ii,  p.  285, 

PI.  2,  fig.  4.    Encrinal  limest.    Near  Davenport,  Iowa. 
1862.  Xegiitoor.  Oataiio  Hall.    15th  Rep.  N.  York  St.  Cab.  Nat  Hist.,  p.  136. 

Hamilton  gr.    Western  New  York. 

1859.  Xtgittoor.  ragotnt  Lyon  and  Cass.    Amer.  Joum.  Sot.,  vol.  28,  p.   243. 

Encrinal  limest.     Louisville,  Ky. 
1861.  Xtgittoor.  tpiaotalut  Lyon.    Proo.  Aoad.  Nat.  Sci.  Phila.,  p.  418,  PI.  4, 
figs.  7  a,  b.    Upper  Helderberg  gr.    Louisville,  Ky. 
Either  this  species  is  incorrectly  figured,  or  it  does  not  belong  here.    It  slightly 
resembles  BEadroorinut  Lyon. 

0.   ACTINOCRINITKS.  ^ 

15.  ACTIN0CBINU8  Miller.^ 

1821.  Miller.    History  of  the  Crinoidea,  p.  90. 

1844.  McCoy.    Synop.  Carb.  Foss.  Ireland. 

1858.  De  Koninck  and  Lehon.    Rec.  Grin.  Belg.,  p.  125. 

1855.  Roemer.    Lethsea  Geogn.  (Ausg.  3),  p.  246. 

1860.  Meek  and  Worthen.    Geol.  Rep.  lU.,  ii,  p.  149. 

1869.  Meek  and  Worthen.    Proo.  Aoad.  Nat.  Sci.  Phila.,  p.  153. 
1873.  Meek  and  Worthen.     Geol.  Rep.  111.,  v,  p.  840. 
1878.  Wachsm.  and  Spr.    Proc.  Acad.  Nat.  Sci.  Phila.,  p.  241. 
1878.  Zittel.    Handb.  der  Palseontologie,  i,  p.  369. 

Not  Angelin,  1878.    loonogr.  Grin.  Sueo.,  p.  6. 

Under  Actinocrinus  a  very  large  number  of  forms  have  been 
described  from  America  and  Europe,  and  from  the  Upper  Silurian 
to  near  the  close  of  the  Subcarboniferous,  which  were  afterwards 
referred  to  independent  genera.  There  can  be,  however,  no  doubt 
as  to  the  group  which  should  keep  the  name,  as  fortunately  all  of 

^  In  the  list  of  references  we  quote  only  those  publications  which  have  a 
direct  or  indirect  bearing  upon  the  present,  greatly  restricted  form  of  the 
genus.  The  following  writers  embraced  with  it,  more  or  less,  the  entire 
family  :  Agassiz,  1835  ;  Goldfuss,  1826-1831 ;  Phillips,  1836-1839;  McGoy, 
1844 ;  Austin,  1842 ;  D'Orbigny,  1850 ;  Owen  and  Schumard,  1850-1852 ; 
de  Kon.  and  Lehon,  1853;  Shumard,  1855  and  1866;  Pictet,  1857;  Joh. 
Muller,  1857 ;  HaU,  1858,  1860  and  1861 ;  McGhesney,  1860  ;  Schultze,  1867. 
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Miller's  typical  species,  with  a  single  exception,  belong  to  the 
same  division,  and  his  A,  triacontadactylns  and  A,  polydacfylus 
must  form  the  types. ^  The  genus  Actinocrinus^  as  amended  by 
Meek  and  Worthen,  and  as  it  is  now  understood,  embraces  almost 
the  majority  of  all  European  Actinocrinidie,  while  it  includes  in 
this  country,  although  represented  by  even  more  species,  only  a 
comparatively  small  portion  of  the  general  representation  of  the 
family. 

Meek  and  Worthen,  after  carefully  restricting  the  genus,  sepa- 
rate it  in  vols,  ii  and  v  of  the  Illinois  Report  into  two  sections : 

A.  The  arms  given  off  directly  from  the  body  and  forming  a 
continuous  ring  around  it ;  the  divisions  of  the  ray  taking  place 
in  the  calyx  proper,  which  has  a  more  or  less  subconical  form. 

B.  The  radials,  from  the  third  primary  up,  bend  abruptly  out- 
ward, forming  protruding  lobes,  which  at  the  interradial  spaces 
produce  deep  sinuses.  The  divisions  take  place  in  the  lobes, 
which  frequently  are  extended  into  free  rays,  and  these  giving  off 
the  arms. 

Looking  at  the  species  of  the  two  sections,  and  particularly  at 
A,  proboitcidialis  with  only  twenty  arms  on  the  one  hand,  and  A, 
ZouW  with  fifty  or  sixty  arms  on  the  other;  these  distinctions 
seem  to  acquire  almost  generic  value ;  but  comparing  species  with 
a  more  nearly  equal  number  of  arms,  it  will  be  found  that  the 
division  cannot  be  carried  out  practically,  at  least  not  among 
the  European  species,  which  in  the  majority  of  cases  form  a  link 
between  tlie  two  extremes  of  the  American  species. 

The  genus  Actinocrinus  has  frequently  been  confounded  with 
Bafocrinus,  and  neither  Casseday,  the  founder  of  the  latter,  nor 
Meek  and  Worthen,  who  recognize  it,  have  pointed  out  any  dis- 
tinctions which  warrant  their  generic  division.  Such,  however,  do 
exist,  as  we  hope  to  prove. 

In  Actinocrinus  and  other  Actinocrinites,  the  anal  area,  as  a 
rule,  has  but  a  single  special  anal  plate,  and  this  locat>ed  between 
the  two  first  primary  radials.  There  are  two  plates  in  the  second 
series  which  are  in  line  with — and  take  the  place  of — the  larger  first 

'  Roemer  in  1855  restricted  the  genus  Aetinoerinus  to  the  Subcarbon- 
iferous,  and  included  in  it  only  such  species  which  at  the  arm  regions  are 
provided  **mit  rundlichen  Falten,''  and  in  which  the  vault  is  elevated 
and  extended  into  a  proboscis.  He  refers  all  Silurian  and  Devonian 
species  previously  described  under  AetinoerinuSf  to  distinct  families. 


8U  PB00EKDINO8  OF  THE  AOADEMT  OF  [1881. 

interradial  in  other  series,  contrary  to  Batocrinua  and  all  other 
groups  of  the  Actinocrinidfle,  which  in  that  series  have  three 
plates,  or,  as  we  express  it,  also  a  special  anal  plate  in  the  second 
series.  In  Batocrinus  the  second  primary  radials  are  linear  and 
quadrangular,  in  Actinocrinus  hexagonal  and  of  a  similar  form  as 
the  first  radials.  The  secondary  radials  in  the  former  contain 
two  or  even  three  pieces,  while  in  the  latter  the  same  order  of 
radials,  and  all  others  above  the  first,  have  but  a  single  series  of 
plates. 

In  Batocrinus  the  arms,  from  the  first  joint  up,  are  composed 
of  a  double  series  of  small  pieces,  while  these  plates  in  Actinch 
crinuB  are  preceded  by  two,  three  or  more  large  cuneate  single 
joints.  In  both  genera  the  species  show  a  great  variability  in  the 
number  of  their  arms,  but  while  in  Actinocrinus  the  whole  number 
of  arms  is  equally  divided  among  the  rays,  in  Baiocrinusthe  tajb 
adjoining  the  posterior  side  frequently  have  the  greater  number. 
In  the  former,  all  divisions  of  the  ray  are  given  off  alternately 
from  opposite  sides,  the  branches  remaining  simple;  in  Bato- 
crinus, the  divisions  are  equal,  and  each  branch  bifurcates  again ; 
there  are,  however,  rarely  more  than  two  divisions  from  each  ray, 
except  toward  the  posterior  side,  where  the  inner  division  of  the 
rays  have  s^flietimes  tw^  additional  bifhrcations. 

Closer  than  with  Batocrinus  are  the  relations  with  Oennseo- 
crinus,  which,  as  has  been  stated,  occupies  an  intermediate  position 
between  Actinocrinus  and  Batocrinus,  and  which,  preceding  them 
in  geological  times,  represents  a  link  between  the  two  genera. 

We  place  McCoy's  Phillipsocrinus  provisionally  under  Actino- 
crinus, which  it  resembles  very  closely  in  its  general  habitus.  It 
has  the  same  peculiar  ornamentation,  is  lobed,  has  a  strong  sub- 
central  anal  tube,  nodose  vault-pieces,  but  it  has,  according  to 
description,  four  basals  and  only  2X5  radials.  The  latter  was 
evidently  a  mistake,  most  probably  the  third  radials  were  strongly 
bent  outward  and  not  preserved.  McCoy  had  only  a  single 
specimen  for  description,  and  that  this  was  an  abnormal  one  is 
sufficiently  proved  by  the  presence  of  seven  plates  in  the  second 
range.  It  is  very  possible  that  the  malformation  made  the  addi- 
tional plate  in  the  basal  ring  necessary,  for  there  is  no  other 
specimen  with  four  basals  known  fVom  the  Subcarboniferous. 
Pict^t  refers  Phillipsocrinus  to  Melocrinus,  which  we  cannot 
indorse. 
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Generic  Diagruma. — Body  turbinate,  more  or  less  lobed  at  the 
arm-regions ;  calyx  beautifully  ornamented  with  radiating  strifle, 
which  concentrate  at  the  middle  of  the  plate,  where  they  form 
into  a  more  or  less  prominent  node ;  vault  extended  into  a  large 
subcentral  anal  tube. 

Basals  three,  equal,  rather  large,  and  forming  a  shallow  cup,  the 
lower  side  slightly  excavated  for  the  column.  Primary  radials 
3X5,  the  first  larger  than  the  rest,  alternately  hexagonal  and 
heptagonal,  generally  higher  than  wide ;  the  second  hexagonal, 
smaller  than  the  first,  its  height  almost  as  great  as  its  width ;  the 
third  pentagonal  and  smaller,  fVequently  bent  outward,  sometimes 
abruptly,  and  forming  the  base  of  a  lateral  extension,  which  gives 
to  the  radial  portions  a  lobed,  and  to  the  general  body  a  stellate 
form.  Secondary  radials  1  X  10,  axillary.  Succeeding  orders  of 
radials  composed  of  a  single  series  of  plates  to  each  division  of 
the  ray,  the  one  axillary,  the  other  simple.  The  simple  plate  is 
succeeded  by  a  number  of  brachials  connected  with  the  body, 
which  jointly  form  a  fixed  branch  in  a  lateral  direction. 

The  axillary  plate  supports  always  toward  the  opposite  side  of 
the  preceding  order  the  next  series  of  radials,  and  so  on  alter- 
nately until  the  full  number  of  arms  of  the  species  is  produced. 
Arms  numerous,  not  bifurcating  in  their  free  state,  or  rarely  so ; 
their  number  very  variable,  ranging  among  the  different  species 
f^om  not  less  than  twenty  to  fifty  or  more;  and  these  eciually 
divided  among  the  rays.  The  arms  are  long,  rather  heavy,  their 
upper  ends  round  or  somewhat  flattened,  the  tips  infolded.  They 
are  Composed  of  a  double  series  of  narrow  plates,  separated  by  a 
zigzag  suture.  The  pinnules  are  long,  given  off,  like  in  the  case  of 
all  double-jointed  arms,  from  every  joint  and  from  both  rows,  they 
are  laterally  compressed,  with  the  abutting  sides  flat.  The  joints  of 
which  the  pinnules  are  composed  are  long,  and  they  are  provided 
at  their  outer  side,  near  the  middle,  with  a  tooth-like  spine,  some- 
times of  considerable  length,  which  is  curved  upward  in  form  of 
a  hook.  The  inner  side  of  the  joints  is  deeply  grooved,  and 
covered  with  two  rows  of  small  alternate  plates.  The  pinnules 
are  laterally  attached,  and  resemble  a  fine  network ;  those  of  the 
same  arm  rest  tightly  against  those  of  the  opposite  row,  thus 
closing  the  ventral  furrows  both  of  arm  and  pinnules,  in  case  the 
arms  are  folded. 

The  interradials  generally  consist  of  three  large  plates,  almost 
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of  equal  size.  There  is  one  in  the  first,  and  two  in  the  suc- 
ceeding series,  the  third  series  consisting  either  of  one  large  or  of 
two  comparatively  small  pieces,  a  fourth  series  is  but  rarely  ob- 
served. The  posterior  side  has  a  special  anal  plate  in  line 
with  the  first  primary  radials,  and  is  of  equal  size  with  them. 
There  are  two  plates  in  the  second,  smaller  than  the  first  inter- 
radial  at  the  other  sides,  and  one,  two  or  three  plates  in  the 
succeeding  series.  Interaxillary  plates  may  be  present  or  absent, 
their  number  never  exceeds  three. 

The  vault  is  composed  of  mther  conspicuous  plates,  all  proxi- 
mal and  radial  dome  plates  nodose  or  tuberculous,  the  others 
merely  convex,  with  the  deception  of  the  centre  plate,  which  is 
prominent,  larger  than  the  rest,  and  which  toward  the  anterior 
side  forms  the  base  of  the  anal  tube.  The  tube  is  almost  central, 
strong^  composed  of  heavy  pieces,  and  sometimes  extends  beyond 
the  limits  of  the  arms. 

Inner  floor  of  the  vault,  along  the  interpalmar  spaces,  strength- 
ened by  braces,  which  increase  in  thickness  outward,  leaving  open 
galleries  which  diverge  to  the  arm  bases.  There  is  a  respiratory  (?) 
pore  apparently  at  the  side  of  each  arm  opening ;  they  however, 
are  but  rarely  observed,  owing  to  imperfect  preservation  of  the 
arm  bases. 

Column  long,  moderately  heavy,  its  joints  frequently  sharply 
edged ;  central  canal  round  or  pentalobate,  and  of  medium  size. 

Geological  Position^  etc, — The  genus  is  strictly  Subcarbon- 
iferous,  and  has  been  found  onl}'  in  the  lower  and  middle  portions 
of  that  formation.  In  America  it  does  not  extend  vertically 
beyond  the  Keokuk  limestone ;  geographical  distribution  wide. 

We  recognize  the  following  species  : — 

1853.  Aotinooriniil  armatui  De  Koninok  and  Lehon.  Reoh.  Grin.  Belg.,  p.  138, 
PI.  4,  figs.  4,  a,  b,  0 ;  Meek  and  Worthen,  Geol.  Rep.  111.,  ii,  p.  149.  Mount, 
limest.    Tournajy  Belgium. 

186tf.  Aotinoor.  aiperrimmi  Meek  and  Worthen.  (Stroto«r.  (!)  aiperrimuf).  Proo. 
Aoad.  Nat.  Soi.  Phila.,  p.  160;  also  Geol.  Rep.  III.,  ▼,  p.  349,  PI.  8,  fig.  3. 
Lower  Burlington  limestone  (not  Upper,  as  stated  by  Meek  and  Worthen). 
This  is  a  regular  transition  form  between  Aotinoerimu  and  Teleiooriniu,  but 
as  the  rim  is  interrupted  not  only  at  the  interradial,  but  also  over  the  inter- 
axillary spaces,  we  arrange  it  with  Aotinoorinoi. 

1860.  Aotinoor.  brontei  Hall  (Sect.  A).    Supp.  Geol.  Rep.  Iowa,  p.  47;  Meek  and 

Worthen,  Geol.  Rep.  111.,  ▼,  p.  341.    Keokuk  limest.    Keokuk,  Iowa. 

1861.  Aotinoor.  olama  Hall  (Sect.  B).     Deso.  New  Sp.  Crin.,  p.  2;  also  Bost.  Journ. 

Nat.  Hist.,  p.  277,  Photgr.  PI.  2,  figs.  24,  25  ;  Meek  and  Worthen,  Geol.  Rep. 
111.,  V,  p.  341.    Lower  Burlington  limest.    Burlington,  Iowa. 
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1858.  Aetinoer.  eOBlatai  HkU  (Sect.  B).     Geol.  Rep    Iowa,  i,  pt.  ii,  p.  585,  PI.  10, 

figi.  14,  a,  b;  Meek  and  Worthen,  Geol.  Rep.  Illinois,  ▼,  p.  341.     Lower 

Burlington  limest.    Bnrlington,  Iowa. 
1844.  Aetinoer.  eoBftriotni  McCoy  (Seet.  A).    Sjnop.  Carb.  Foss.  Ireland,  p.  181, 

PI.  27,  fig.  3.     Mount.  limeaL     Ireland. 
1844.  Aetinoer.  eoitni  McCoy.    Synop.  Carb.  Fofb.  Ireland,  p.  181,  PI.  26,  fig.  2; 

de  Kon.  and  Lehon,  1853,  Recher.  Crin.  Belg.,  p.  129,  PI.  3,  figs.  2,  a,  b  and 

PI.  4,  figs.  a*d.     Mount,  limest.     Ireland,  and  Toumay,  Belg. 
It  seems  rery  probable  that  A.  COItnit  A.  Invll  and  A.  tennnil  arc  synonyms. 
1864.  Aetinoer.  Daphne  Hall  (Sect.  B).     17tb  Rep.  N.  York  St.  Cab.  Nat.  Hi8t.,  p. 

52;  also  1873,  Geol.  Rep.  Ohio  Paleont.,  ii,  p.  182,  PI.  11,  fig.  11.     Waverly 

sandstone.     Richfield,  Ohio. 
1843.  Aetinoer.  deeadnetylni  Portlock  (not  Goldf.  =>  Meloer.  deeadnetylns).  Geol. 

Rep.  Londonderry,  p.  349.     Mount,  limest.     Ireland. 
1853.  Aetinoer.  deemntni  do  Ron.  and  Lehon.     Recher.  Crin.  Belg.,  p.  142,  PI.  3, 

figs.  5,  a,  b.     Mount,  limest.     Toumay,  Belg.,  and  Wexford,  Engl. 
Probably  A.  drornatni,  A.  itellntnii  A.  doriatns,  and  perhaps  A.  iooiidae- 

tylni  are  synonyms. 
1853.  Aetinoer.  doriatni  de  Kon.  and  Lehrn.    Recher.  Crin.  Belg.,  p.  139,  PI.  4, 

figs.  5  a,  b.  Meek  and  Worthen  (Sect.  A),  Geol.  Rep.  111.,  ii,  p.  149.   Mount. 

limest.     Toumay,  Belgium. 
*1889.  Aetinoer.  eetypni  Meek  and  Worthen.  (Strotoer.  eotypni).  Proc.  Acad.  Nat. 

Sci.  Phila.,  p.  159;  also  1873,  (ieol.  Rep.  111.,  r,  p.  253,  PI.  7,  fig.  5.     Lower 

Burlington  limest.     Bnrlingrton,  Iowa. 
This  is  a  good  Aotinoerinuif  the  type  specimen  was  depressed,  and  thereby 

had  obtained  an  unnatural  expression  somewhat  like  Btrotoerinni. 
1881.  Aetinoer.  ezoerptni  Hall  (Sect.  B).    Desc.  New  Sp.  Crin.,  p.  3;  also,  Bost. 

Jour.  Nat.  Hist.,  p.  276;  Meek  and  Worthen,  Geol.  Rep.  III.,  v,  p.  341. 

Lower  Burlington  limest.     Burlington,  Iowa. 
A  very  doubtful  species,  probably  Sjfn.  of  A.  probosoidialil. 
1860.  Aetinoer.  Foiteri  McCbesney  (Sect.  B).    Desc.  New  Pal.  Foss.,  p.  19;  also, 

1867,  Chicago  Acad.  Sci.,  p.  14,  PI.  5,  fig.  2;  Meek  and  Worthen,  Geul.  Rep. 

III.,  ▼,  p.  341.     Lower  Burlington  limest.     Burlington,  Iowa. 
1860.  Aetinoer.  gUni  Hall.    Snpp.  Geol.  Rep.  Iowa,  p.  16.     Upper  Burlington 

limest.     Bnrlington,  Iowa. 
Syn,  Aetinoer.  tholni  Hall,  1860.     Supp.  Geol.  Rep.  Iowa,  p.  35. 
Syn.  Aetinoer.  erjz  Hall,  1861.     Desc.  New  Pal.  Crin.,  p.  12. 
This  is  a  rery  rariable  species.     The  plates  of  the  body  ic  the  lower  layers  at 

Burlington  are  scarcely  convex,  higher  up,  almost  tuberculous,  specimens  of 

the  former  kind  being  described  as  A.  glanit  those  of  the  latter  as  A.  tholns. 

As  A.  erjx  Hali  redescribed  a  species  of  A.  glani  in  which  arms  and  anal 

tube  were  preserred,  and  in  his  photographic  plates,  which  were  distributed 

aoFeral  years  later.  Hall  unfortunately  confounded  his  A.  erjz  (we  examined 

the  type  specimen  now  in  the  Museum  of  Comparatire  Zoology  at  Cambridge) 

with  Megiltoer.  Wbiteif  which  has  branching  in  place  of  simple  arms,  and 

DO  anal  tube. 
The  species  deviates  somewhat  in  its  general  habitus  from  Aotinoorinns,  and 

we  therefore  place  it  here  with  some  doubt. 
1860.  Aetinoer.  Hnrdinnaa  McCbesney  (Sect.  B).     Desc.  New  Pal.  Foss.,  p.  24; 

also  1867,  Chicago  Acad.  Sci.,  p.  17,  PI.  5,  figs.  24;  Meek  and  Worthen, 

Geol.  Rep.  111.,  v,  p.  341.     Lower  Bnrlington  limest.    Burlington,  Iowa. 


818  PBO0EEDINQ8  OF  THE  AOADSMT  OF  [1881. 

1848.  Aotlnoer.  iooiidaotyl«l  Portlook.   Rep.  on  tbeCoantj  of  Londonderry^  p.  S48, 

PI.  15,  flg.  7;  de  Kon.  ftnd  Lehon,  1853,  Reoher.  Crin.  Belg.,  p.  141,  PI.  3, 
fig.  4  and  PI.  4,  flg.  8.     Mount,  limeit.    Engl,  and  Balg. 
1861.  Aotlnoer.  iafroquonf  Hall  (&eot.  B).    Dom.  New  8p.  Crin.,  p.  14;  Meek  and 
Worthen,  GkoL  Rep.  111.,  ▼,  p.  341.    Lower  Burlington  llmett.    Burlington, 
Iowa. 

1860.  Aotinoor.  Jngosvf  Hall  (Sect.  A).    Sapp.  Oeol.  Rep.  Iowa,  p.  49.    Lower 

portion  of  the  Keoknk  limeit  Keokuk,  Iowa,  and  Warsaw  and  Hamil- 
ton, lU. 
1821.  Aetlnoor.  IsrU  Miller  (not  Goldfuu  nor  Kloeden).  Hift.  of  Crinoidea, 
p.  105,  and  plates ;  Agassii,  1835,  Mem.  Soo.  Neuchat.,  i,  p.  106 ;  Milne- 
Edwards,  Anim.  s.  vert,  de  Lamk.  (2"^  ed.),  vol.  ii,  p.  670;  de  Koninck, 
1842,  Anim.  Fosi.  du  Terr.  Carb.,  p.  52,  PI.  G,  flgs.  4  a,  b,  c ;  MoCoy,  1844 
(with  doubt),  Syn.  Carb.  Foss.  Ireland,  p.  182;  de  Kon.  and  Lebon,  1853, 
Reeher.  Crin.  Belg.,  p  152,  PI.  3,  fig.-6.  Mount  limest  Toumay,  Belg. 
Sgn.  Enoriami  dnbioi  Sohlottbeim.  Naohtr.  Petref.,  ii,  p.  100,  PI.  38, 
figs.  2  a,  b. 

1861.  Actinoor.  limabraohUtni  Hall  (Seet.  B).    Dwe.  New  8p.  Crin.,  p.  2;  also, 

Bost  Jour.  Nat  Hist,  p.  268;  Meek  and  Worthen,  Geol.  Rep.  lU.,  ▼,  p.  341. 
Lower  Burlington  limest    Burlington,  Iowa. 
1860.  Aotinoor.  lobatni  Hall  (Sect  A).    Supp.  Geol.  Rep.  Iowa,  p.  51;  Meek  and 
Worthen,  Geol.  Rep.  111.,  ▼,  p.  341.    Keokuk  limest    Warsaw,  111. 

1860.  Aotinoor.  loni^nt  Meek  and  Worthen  (Sect  B).    Proc  Acad.  Nat.  Sci.  Phila., 

p.  156;  also,  Geol.  Rep.  HI.,  t,  p.  345,  PI.  8,  flg.  1.    Lower  Burlington 
limest    Burlington,  Iowa. 
1858.  Aotinoor.  Lowoi  Hall  (Sect.  A).    Geol.  Rep.  Iowa,  i.  pt  ii,  p.  611,  PI.  15,  flgs. 
5  a,  b;  Meek  and  Worthen,  Geol.  Rep.  111.,  ▼,  p.  341.   Keokuk  limest   Iowa 
and  Illinois. 

1861.  Aotinoor.  Inoina  Hall  (Sect.  B).    Deso.  New  8p.  Crin.,  p.  11.    Lower  Burling- 

ton limest    Burlington,  Iowa. 
1858.  Aotinoor.  mnltibraohiatni  Hall  (Sect  B).    Geol.  R«p.  Iowa,  i,  pt.  ii,  p.  580, 

PI.  10,  fig.  10;  Meek  and  Worthen,  Geol.  Rep.  111.,  t,  p.  341.    Lower  Bur- 
lington limest    Burlington,  Iowa. 
Syn.  A.  mnltihnohintni  rar.  oohinatni  Hall,  1861.    Dese.  New  Pal.  Crin., 

p.  10. 
1857.  Aotinoor.  mnltindiatai  Shumard  (Sect  A).    Trans.  Acad.  Sci.  St  Louis,  i, 

p.  7,  PI.  1,  flg.  5;  Hall,  1858,  Geol.  Rep.  Iowa,  i,  pt  ii,  p.  579,  PI.  10,  flg.  9; 

Meek  and  Worthen,  Geol.  Rep.  111.,  ▼,  p.  341.    Upper  Burlington  limeot 

Burlington,  Iowa. 
1861.  Aotinoor.  opuonlni  Hall  (Sect  B).    Bost.  Joum.  Nat  Hist,  p.  264 ;  Meek 

and  Worthen,  1873,  G^l.  Rep.  III.,  t,  p.  341.    Lower  Burlington  limeot 

Burlington,  Iowa. 

1849.  Aotinoor.  oUa  McCoy  (Sect  A).    Ann.  and  Mag.,  p.  247.    Mount  limest 

Derbyshire,  Eng. 
1861.  Aotinoor.  OTntno  Hall  (Sect  B).    Desc.  New  PaL  Crin.,  p.  14 ;    Meek  and 

Worthen,  GeoL  Rep.  111.,  t,  p.  341.    Lower  Burlington  limest    Burlington, 

Iowa. 
1869.  Aotinoor.  ponioillni  Meek  and  Worthen  (Sect  A).    Proc  Acad.  Nat  Set 

Phila.,  p.  155;  also,  1873,  Geol.  Rep.  III.,  v,  p.  342,  PI.  8,  flg  2.    Lower 

Burlington  limest    Burlington,  Iowa. 
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1858.  Aotisoor.  p«nodotvi  Hall  (Sect.  A).    OeoL  ^ep.  Iowa,  i,  pi.  ii,  p.  608,  PI. 

15,  flgt.  S,  a,  b;  Meek  and  Wortben,  Geol.  Rep.  HI.,  t,  p.  841.    Keokuk 

limeit.    Iowa  and  niinoia. 
1821.  Aotiaoer.  polydmetylvi  Miller  (not  Bonney  ^^  Mariwr.  paekydaetglm§  Hall, 

=s  Mtloer,  paekjfdaeiylu9  Waohsm.  and  Spr.).     Hist.   Crinoidea,  p.   103; 

Agaiaii,  Mem.  Soo.  de  Neacbat.,  i,  p.  197;  Milne- Ed  wards,  1886,  Anim.  s. 

Tert.  de  Lamk.  (ed.  ii),  vol.  ii,  p.  670;  Bronn,  1836,  Letbasa  Qeogn ,  i,  p. 

61,  PI.  4,  fig.  4,  and  p.  670  ;  Pbillips,  1836,  QwL  Torksbin,  ii,  p.  206,  PI.  4, 

figs.  17, 18 ;  de  Koninck,  Anim.  Foss.  Terr.  Carb.  Belg.,  p.  51,  PI.  G,  figs.  3, 

a,  b ;  McCoy,  1844,  Synop.  Carb.  Foss.  Ireland,  p.  183,  and  Britisb  Pal.  Foss. 

Mas.  Cambr.,  ii,  p.  121 ;  de  Kon.  and  Lebon,  1853,  Recber.  Crin.  Belg.,  p. 

154,  PL  4,  fig.  2;  Roemer,  1855,  Letbaea  Qeogn.  (Ausg.  3),  p.  248.    Mount. 

limest.    Mendip  Hills,  Caldy,  Ireland,  and  Toamay,  Belg. 
1858.  AotiAOor.  probotoidialii  Hall  (Sect.  B).    Geol.  Rep.  Iowa,  i,  pt.  ii,  p.  584,  PI. 

10,  fig.  13;  Meek  and  Wortben,  1873,  Geol.  Rep.  HI.,  ▼,  p.  341.    Lower  B«r- 

lington  limest.    Burlington,  Iowa. 
8^  A.  llgiaa  Hall,  1861.    Deso.  New  Pal.  Crin.,  p.  13. 
^.  A.  quattnurivi  Hall,  1860.    Snpp.  Geol.  Rep.  Iowa,  p.  22. 
Syn,  A.  quatemaiivi  var.  ipinifenu  Hall,  1861.  Desc.  New  Pal.  Crin.,  p.  11. 
Syn.  A.  themif  Hall,  1861.     Ibid.,  p.  11. 
1844.  (?)  Aotlnoor.  piuillni  McCoy.    Synop.  Carb.  Foss.  Ireland,  p.  182,  PL  26,  fig. 

4.    Mount  limest.    Ireland. 
Tbere  is  some  doubt  wbetber  tbis  species  belongs  to  Aetinooriavi ;  tbe  rays 

are  lobed  but  more  like  in  species  of  Dorjerinvi.     Figure  and  description 

are  too  indistinct  to  ascertain  therefrom  tbe  form  of  tbe  anus. 
1861.  Aotlnoor.  roUonlatm  Hall  (Sect.  B).     Desc.  New  Spec.  Crin.,  p.  2;  also  Bost. 

Joum.  Nat  Hist,  p.  269;  Meek  and  Wortben,  Geol.  Rep.  111.,  r,  p.  341. 

Lower  Burlington  limest.    Burlington,  Iowa. 
iS^n.  A.  looolluf  Hall,  1861.     Desc  New  Pal.  Crin.,  p.  15. 
Syn,  A.  thoai  Hall,  1861.    Ibid.,  p.  11. 
1860.  Aotlnoor.  ■oitnlni  Meek  and  Wortben  (Sect.  A).     Proc  Acad.  Nat  Sci.  Pbila., 

p.  386 ;  alfo  Geol.  Rep.  111.,  ii,  p.  202,  Ibid.,  r,  p.  341.    Upper  Burlington 

limest.    Burlington,  Iowa. 
Syn,  A.  raitioni  Hall,  1861.     Desc.  New  Sp.  Crin.  p.  2;  also  Bost.  J  oum. 

Nat  Hist,  p.  267. 
Syn,  A.  SiUimnni  Meek  and  Wortben,  1861.    Proc.  Acad.  Nat  Sci.  Pbila., 

p.  134. 
Syn,  A.  Waohimnthi  Wbite,  1861  (not  1879).    Proc.  Bost  Acad.  Nat  Hist, 

TOl.  iz,  p.  17. 
1860.  Aotlnoor.  toxarmatno  Hall  (Sect  B).    Supp.  Geol.  Rep.  Iowa,  p.  21 ;  Meek 

and  Wortben,  Geol.  Rep.  HI.,  r,  p.  341,  Photogr.  PL  3,  fig.  26.    Lower  Bur- 
lington limeit    Burlington,  Iowa. 
Syn.  A.  Monxnf  Hall,  1861.    Desc.  New  Pal.  Crin.,  p.  14. 
Syn  A.  thotU  Hall,  1861.    Ibid.,  p.  11. 
1853.  Aotlnoor.  itolUril  de  Kon.  and  Lebon.    Recber.  Crin.  Belg.,  p.  456,  PL  3, 

figs.  3,  a,  b,  and  figs.  4,  a-g;  also  PL  4,  fig.  3;  Piot6t,  Traits  de  Pal^ont, 

It,  p.  323,  PI.  lUl,  fig.  5.    Mount  limest    Tonmay,  Belg. 
Sgn,  A.  Oilbortfoni  de  Koninck  (not  Miller  nor  Pbillips).    Anim.  Foss.  du 

Terr.  Carb.  de  Belg.,  p.  50,  PL  G,  figs.  2,  a,  b,  c. 
1858.  Aotlnoor.  tonnnil  de  Kon.  and  Lebon.     Recber.  Crin.  Belg.,  p.  128,  PL  2 

figs.  3,  a,  b.    Mount  limest.    Toumay,  Belg. 
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1860.  Aotinoor.  tenniiiioiilptai  MoCbesnej  (Seet.  B).    Deso.  New  Pal.  Fosg.,  p.  15; 

also  Chicago  Acad.  Sci.,  1867,  rol.  i,  PL  5,  fig.  11.    Lower  BurliDgton  limest. 

Darlington,  Iowa. 
Syn.  A.  ebloril  Hall.     Deso.  New  Sp.  Pal.  Crin.,  p.  3;  also  Bost.  Journ.  Nat. 

Hist,  p.  275. 
This  species  and  A.  daphne  Hall,  were  placed  by  Meek  and  Worthen  under 

Sect.  A ;  but  they  belong  more  properly  to  Sect.  B. 
1836.  AotinooT.  testalUtut  Phill.  (Seet.  B).    Oeol.  Torkuhire,  p.  206,  PI.  4,  fig.  21. 

Mount,  limest.    Sommerset,  Engl. 

1861.  Aotlnoor.  thalia  Hall  (Sect.   6).    Desc.  New   Sp.   Crin.,  p.  13;  Meek  and 

Worthen,  Geol.  Rep.  111.,  r,  p.  341.     Lower  Burlington  limest.    Burlington, 

Iowa. 
1821.  Aotinoor.  triaoontadaotylni  Miller.    Type  of  the  genus.    Hist,  of  the  Crin- 

oidea,  p.  95,  with  five  plates;  Agasi^is,  1835,  M^m.  Soo.  de  Nencbat.,  i,  p. 

196:  Phillips,  1836,  Geol.  Yorkshire,  p.  206,  PI.  4,  figs.  12,  13;  1843,  Port- 

lock,  Geol.  Rep.  Londonderry,  p.  348;  McCoy,  1844,  Carb.  Foss.  Ireland,  p. 

182;  Brit.  Pal.  Foss.  Mus.  Cambr.,  p.  121 ;  De  Kon.  and  Lehon,  1853,  Reohor. 

Crin.  Carb.  Belg.,  p.  131,  PI.  3,  fig.  1;    Roemer,  1855,  Lethaea  Geogn. 

(Ansg.  3),  p.  248.    Mount,  limest.    Yorkshire,  Mendip  Hills,  near  Bristol, 

Engl.,  and  Toumay,  Belg. 
1853.  Aotlnoor.  triooipidatni  de  Kon.  and  Lebon.     Recher.  Crin.  Carb.  Belg.,  p. 

143,  PI.  2,  figs.  5,  a,  b;  Pict6t,  1857,  Traits  de  Pal^ont.,  iv,  p.  323,  PI.  101, 

fig.  4.    Mount,  limest.    Yis^,  Belg. 
1860.  Aotlnoor.  nnioarinatni  Hall  (Sect.  A).    Snpp.  Geol.  Rep.  Iowa,  p.  48.    Bur- 
lington and  Keokuk.  Transition  bed  (not  Keokuk  bed  proper  as  given  by  Hall). 
1858.  Aotinoor.  ▼erraooiu  Hall  (Sect.  A).    Geol.  Rep.  Iowa,  i,  pt  ii,  p.  578,  PI.  10, 

figs.  7  a,  b ;  Meek  and  Worthen,  Geol.  Rep.  111.,  v,  p.  341.     Upper  Burling- 
ton limest.    Burlington,  Iowa. 
Syn.  A.  aiteriat  MoChemey,  1860.    New  Pal.  Foss.,  p.  9;  also,  1867,  Chicago 

Acad.  Hci.,  vol.  i,  p.  9,  PI.  5,  fig.  6. 
1875.  Aotinoor.  viatioai  White  (Sect.  B).    U.  S.  Surv.  West  of  the  100th  Meridian, 

under  Wheeler,  iv,  Paleont.,  p.  82,  PI.  v,  fig.  I.     (Preliminary  Rep.,  1874) 

Subcarbon.     Nevada. 

16.  TELEIOORIHIIS  no  v.  gen. 
(ri^^iog,  perfect;  Kplvov,  a  lily.) 

Syn.  Aetinoerinus  Hall  (in  part),  1858.    Geol.  Rep.  Iowa,  i,  pt.  ii,  p; 

590,  and  Ibid.  Suppl ,  1800. 
Syn.  Calathoerinua  Hall,  1861  (not  von  Meyer,  1848).    Subgenus  of 

Aetinoerinus,    Desc.  New  Pal.  Crin.,  p.  12. 
Syn.  Strotoerinus  (Sect,  B)  Meek  and  Worthen.    Gteol.  Rep.  Dl.,  ii, 

p.  188. 

The  above  name  is  proposed  for  a  series  of  species,  which  were 
arranged  by  Meek  and  Worthen  in  a  section  under  Strotocrinus^ 
but  which  differ  from  the  typical  form  of  tliat  genus  in  being 
provided  with  a  long  anal  tube,  instead  of  having  a  simple  opening 
through  the  vault,  as  in  their  Sect.  A.   The  form  of  the  anus  alone 


]M1.]  NATURAL  8CIXNCXS  OF  PHILADXLFHIA.  821 

irould  warrant  only  a  subgemeric  division  of  the  two  groups,  bat 
l&ere  are  other  characters  which  have  induced  us  to  separate 
them  genericaily. 

In  our  general  remarks  upon  the  family,  we  have  shown  that 
Meek  and  Worthen's  Sirotocrinus  JB,  for  which  we  propose  the 
genus  TeleiocrinuSy  in  all  probability,  sprung  off  from  Actino- 
crinusj  Sect.  B;  while  Meek  and  Worthen's  StrotocrinuH  A — 
Aeir  typical  form— is  similarly  related  to  PhyaeiocrimiSy  which 
we  separate  genericaily  from  Actinocrinu8*  The  lateml  rim, 
therefore,  which  produces  the  remarkable  resemblance,  according 
toonr  interpretation,  in  the  form  of  Sirotocrinus  and  Teleiocrinus^ 
results  from  modifications  in  the  one  and  the  same  direction,  but 
which  take  place  in  different  groups.  We  propose  the  following  :— 
Oeneric  Diagntms. — Body  large ;  calyx  um-sliaped,  subconical 
below;  the  upper  part,  including  the  higher  orders  of  radials, 
■pread  out  horisontall}',  and  formed  into  an  extended,  continuous 
rim  around  the  body ;  vault  moderately  convex,  with  a  strong 
snbcentral  anal  tube ;  surface  ornamentation  similar  to  Acttno- 
erinus^  but,  as  a  rule,  very  much  coarser,  the  nodes  more 
prominent  than  the  striations,  and  sometimes  almost  entirely 
obscuring  them. 

Basals  three,  large,  massiye,  projecting  beyond  the  point  of 
attachment  for  the  column,  and  frequently  extended  into  a 
bipartite  node;  sutures  deep. 

Primajry  radials  3X5;  the  first  large,  as  high  as  wide ;  the 
second  generally  hexagonal,  of  the  same  proportions  as  the  first 
but  smaller ;  the  third  like  the  second,  but  angular  above  instead 
of  truncate. 

Secondary  radials  1  X  10,  axillary,  supporting  the  two  main 
divisions  of  the  ray.  The  radials  of  all  succeeding  orders  are 
composed  respectively  of  a  single  series  of  pieces,  of  which  only 
one  plate,  of ^ each  main  division,  in  each  order,  bifurcates  again, 
and  this  alternately  on  opposite  sides,  the  other — opposite — plate 
which  is  never  axillary,  being  succeeded  in  a  direct  line  by  a  row 
of  a  variable  number  of  fixed  arm  plates,  which  form  branches 
within  the  body,  alternately  given  off  from  the  main  trunks.  All 
plates  of  the  lateral  branches  and  main  divisions  are  closely 
joined  with  each  other,  and  with  those  of  the  adjoining  rays,  and 
these  together  form  the  peculiar  rim  which  surrounds  the  body. 
The  plates  of  the  rim  are  nearly  of  equal  size,  convex,  and  formed 
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longitudinally  into  ridges,  which  give  to  the  alternate  branches 
the  aspect  of  fixed  arms,  which  they  evidently  are.  Arm  openings 
large  and  lateral,  with  a  separate  respiratory  (?)  pore  to  each 
opening. 

Interradial,  anal  and  interaxillary  plates  arranged  as  in  Actino- 
crinuB^  and  scarcely  more  numerous,  they  decrease  in  size  upward, 
the  upper  ones  are  very  minute. 

Dome  convex,  in  form  of  a  ten-rayed  star,  indistinctly  grooved 
between  the  arm  bases.  Vault  constructed  of  larger  and  smaller 
pieces,  which  all  decrease  outward.  The  larger  ones,  which 
include  the  apical  and  all  radial  plates,  are  nodose  or  in  part 
spiniferous ;  the  smaller  ones,  including  interradial  and  other 
accessory  pieces  are  scarcely  convex.  The  inner  floor  of  the 
vault  is  strengthened  by  braces,  which  increase  in  thickness  as 
they  recede  from  the  centre,  and  which,  on  approaching  the  rim, 
extend  to  the  calyx,  and  from  tunneled  passages,  one  to  each  arm 
opening. 

Column  comparatively  slender,  composed  of  short,  round  joints, 
a  part  of  which,  at  regular  intervals,  project  out  beyond  the 
others,  and  send  up  and  down,  all  around,  at  equal  distances,  five 
thickened  processes  or  ribs,  apparently  as  a  natural  provision  to 
give  it  strength  without  destroying  its  flexibility.  These  pro- 
cesses give  to  the  column  a  highly  sculptured  and  somewhat  pen- 
tagonal aspect,  especially  in  its  upper  portions,  where  they  are 
prominent  and  almost  continuous  vertically.  But  as  these  pro- 
cesses are  only  attached  to  the  older  and  larger  joints  of  the 
column,  they  gradually  grow  farther  apart  as  they  recede  from 
the  body,  by  the  interpolation  of  the  later  developed  joints,  which 
increase  in  number  downward.  Some  species,  in  place  of  five, 
have  ten  or  more  rows  of  processes  along  the  column. 

Perforation  of  medium  size ;  pentalobate.  * 

Oeological  Position j  etc. —  TeleiocrinuB  is  limited  ^o  the  Upper 
Burlington  limestone,  and  is  found  only  in  America. 

We  place  here  the  following  species : — 

*1859.  Toleiooriani  aegilopi  Hall.    (Aettnoer.  aegilopt)    Sapp.  Geol.  Rep.  Iowa, 

p.  5;  Meek  and  Worthen,  Strotoer.  (B)  aegilopt»  Geol.  Rep.  HI.,  r,  p.  849. 

Upper  Barlington  limest.    Burlington,  Iowa. 
This  is  probably  a  yonnger  stage  of  Teleioer.  nmbroivi. 
•1861.  Teloioor.  althta  Hall.     (Aettnoer.— €aUthocr.—ftlthea)     Des*.  New  8p. 

Grin.,  p.  13,  Photogr.  PI.  4,  fig.  13.    Upper  Burlington  limest.    Burlington, 

Iowa. 
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*1861.  Teleioor.  oliTOtui  Hall.    (AeUnoer.  elWotui)    Boat.  Journ   Nftt.  Hist.,  p. 

274.     Upper  Burlington  lime«t.     Burlington,  Iowa. 
•1861.  Toleioer.  erodni  Hall.    (Aetinoor.— Calathoor.— ^rodnt)     Dcfc   New  Sp. 

Grin.,  p.  12;  Meek  and  Worthen,  Strotoor.  (B),  Gcol.  R^'p.  111.,  ii,  p-  l^®- 

Upper  Burlington  limeit    Burlington,  Iowa. 
*1861.  Tetoioer.  intoulptai   Uikll.     (AetiBoor.-~€alaUioor.— inieulptni)     Pcs<*. 

New  Sp.  Crin.,  p.  12;  Meek  and  Wnrtbon,  Btrotoor.  (B),  Geol.  Rep    111.,  ▼. 

p.  348.    Upper  Burlington  limest.     Burlington,  Iowa. 
*I881.  Teleioer.  liratof  Hall.    (Aetinoor.  liratni)    Supp.  Gcol.  Rep.  Iowa,  PI.  4, 

flg.  3;  Meek  and  Worthen,  StrotlNSr.  (B)  liratui,  Geol.  Rep.  111.,  ii,  p.  100 ; 

Ibid.,  T,  p.  955,  fig.  2.     Upper  Burlington  limest.     Burlington,  Iowa. 
^.  Aotinoer.  inbumbroiiu  Hall.    Suppl.  Geol.  Rep.  Iowa,  p.  3. 
*1880.  Teleioer.  mdli  Hall.    (Aotinoer.  mdie)    Supp.  Geol.  Rep.  Iowa,  p.  3.3. 

Upper  Burlington  limest.     Burlington,  Iowa. 
*1861.  Teleioer.  tenniradiatui  Hall.    (AcUnocr.  tenniredittui,  not  1847  =  PaUeo- 

ey«ttlM  tenniradiiUut,)     Desc.  New  Bp.  Crin.,  p.  12;  Meek  and  Worthen, 

Strotoer.  (B)  tenuiradiatm,  Geol.  Rep.  111.,  ▼,  p.  349.    Upper  Burlington 

limest.    Burlington,  Iowa. 
*1858.  Teleioer.  ambroim  Hall.     (Actiiioor.  nmbroim)     Type  of  the  genus. 

Geol.  Rep.  Iowa,  i,  pt.  ii,  p.  590,  PI.  11,  figs.  3  a,  b;  Meek  and  Worthen, 

Strotoer.  (B)  umbroini,  Geol.  Rep.  111.,  ii,  p.  190;  Ibid.,  v,  p.  360,  PI.  8, 

flg.  5.     Upper  Burlington  limest.    Burlington,  Iowa. 
Syn.  Aotinoer.  delioetiu  Meek  and  Worthen,  1869.     Proc.  Acad.  Nat.  Sci. 

Phila.,  p.  156;  also  Geol.  Rep.  111.,  t,  p.  343,  PI.  8,  fig.  2. 
This  is  deseribed  from  a  rery  young  specimen  of  this  genus,  and  exhibits  most 

remarkably  all  the  characteristics  of  Aotinoerinui. 

17.  STEGAKOOBIHUS  Meek  and  Worthen. 
(PI.  18,  figs.  8,  4>  5.) 

1869.  Meek  and  Worthen.    Geol.  Rep.  111.,  ii,  p.  195. 

1868.  Meek  and  Worthen.    Ibid.,  iii,  p.  475. 

1878.  Wachsm.  and  8pr.     Proc.  Acad.  Nat.  Sci.  Phila.,  p.  248. 

1878.  Zittel.     (Subgenus  of  Actinoerinus.)    Handb.  der  Palaeont.,  p.  870. 

Syn.  Aetinoerintu  (in  part)  Bbumard,  1855,   Geol.  Rep.   Missouri 

by  Swallow,  pt  ii,  p.  189 ;  Hall,  1858,  Geol.  Rep.  Iowa,  i,  pt.  ii, 

pp.  577,  582;  Meek  and  Worthen,  1860,  Proc.  Acad.  Nat.  Sci. 

Phila.,  p.  887. 

The  relations  of  this  genus  with  Actinocrinus  and  Teleiocrinus 
have  been  fully  discussed  in  our  general  remarks  upon  the  family. 

Generic  Diagnosis. — General  form  of  the  body  like  Actino- 
crinus. The  rays  extended  into  long  tubular  appendages,  which 
bear  the  arms  on  both  sides ;  dome  with  subcentral  anal  tube  ; 
Bur&ce  ornamented  by  radiating  ridges  passing  from  plate  to 
plate,  and  meeting  in  a  small  tubercle  at  the  middle  of  each. 

Basals  three,  forming  a  low  cup.  Primary  radials  3X5,  large ; 
the  first  much  larger  than  the  others,  hexagonal  and  heptagonal ; 
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the  i^econd  hezagonaly  almost  as  high  as  wide ;  the  third  axillary, 
but  smaller  by  half  or  more  than  the  second,  sometimes  forming 
a  part  of  the  arm-like  appendages,  which  in  other  species  begin 
with  the  secondary  radials.  The  secondary  radials  consist  of 
1X2X5  plates  in  each  ray ;  sometimes  both  are  axillary,  aad 
as  such  divide  the  ray  into  two  equal  sections,  of  which  each  one 
forms  a  separate  tube,  and  gives  off  lateral  arms  from  either  side ; 
in  other  cases  only  one  is  a  bifurcating  plate,  which  is  the  larger 
of  the  two,  resting  upon  the  wider  side  of  the  primary  radials, 
while  the  other,  which  is  smaller  and  oUiqnely  given .  off,  is 
truncate  above,  and  supports  an  arm. 

In  the  same  manner  other  series  of  radials  are  given  off  from 
all  succeeding  radial  plates,  on  one  side  a  bifurcating  plate  bear- 
ing a  higher  order  of  radials,  on  the  other  a  lateral  arm,  and  this 
alternately  from  opposite  sides  (PI.  18,  fig.  3).  The  number  of 
radials  is  to  some  extent  indefinite,  they  extend  to  almost  the 
height  of  the  arms,  which  are  long,  and  the  ray  itaelf  terminates 
finally  in  a  short  arm.  All  the  radials  are  of  the  same  form,  and 
nearly  the  same  size,  decreasing  very  gradually  in  an  upward 
direction.  They  are  wider  than  high,  cuneate  and  alternately 
arranged,  with  the  shorter  side  abutting  against  the  side  of  the 
preceding  arm,  while  the  next  arm  is  given  off  from  the  upper 
oblique  side. 

Arms  long,  of  moderate  thickness,  constructed  like  those  of 
Actinocrintis^  beginning  with  one  or  two  cuneate  pieces,  which 
soon  turn  into  two  series  of  alternate  pliU^es.  Arm  grooves nieep ; 
pinnules  unknown. 

Interradials  three  or  more,  those  of  the  calyx  formiag  a  con- 
nection with  the  interradiat  plates  in  the  dome.  The  posterior 
side,  like  that  of  all  other  Actinocrinites,  consisting  of  a  single 
special  anal  plate,  which  is  in  line  with — and  has  the  size  of— the 
first  radials ;  it  supports  two  plates  in  the  second,  and  generally 
three  in  the  third  series. 

Vault  highly  elevated  to  moderately  convex,  composed  of  « 
variable  number  of  pieces ;  eentre  and  proximal  dome  plates  not 
distinetly  defined.  The  first  radial  dome  plates,  horn  whi(^  the 
brachial  ^appendages  begin,  are  spiniferous,  and  so  Blterntttelyis 
one-half  of  the  succeeding  plates  which  cover  the  free  rayv. 
The  covering  of  these  appendages  consists  ef  two  rows  of  plutes, 
side  by  side,  a  larger  and  a  smaller  one,  which  are  so  arranged 
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tkat  at  each  side  of  the  raj  the  larger  plates  alternate  with  the 
smaller  ones,  and  the  former  abut  laterally  against  an  arm  open- 
ing. The  appendages  are  rery  heavy,  composed  of  strong  nodose 
plates ;  their  cross-section,  as  that  of  their  inner  passage,  oval, 
higher  than  wide  (PI.  18,  fig.  5).  At  each  side  of  the  base  of  each 
trm,  there  is  a  respiratory  (?)  pore ;  that  of  one  side  is  located  at 
some  distance  iVom  the  arm  openings,  the  other  and  smaller  one 
liee  close  to  it.  The  pores  are  so  arranged  that  the  larger  ones 
•land  at  one  side  of  the  appendages  in  front,  at  the  other  behind 
the  arm  with  which  they  are  connected.  Similar  pores  are  placed 
btnde  the  proximal  arms,  but  these  pass  directly  through  the 
warn  body.  Anal  tube  long,  subcentral,  composed  of  nodose 
(neeea  Column  round,  of  moderate  size ;  central  canal  of  medium 
width,  pentalobate. 

Oeohgical  Position,  etc, — SteganocrinuSj  so  far  as  known,  is 
restricted  to  the  age  of  the  Burlington  limestone,  and  has  been 
fixind  only  in  America. 

We  recognize  the  following  species : — 

I860.  SUganoorlnm  araneoliu  Meek  and  Worth.    (AoUnoor.  artnaolni)  Prrto. 

Acad.  Nat.  Soi.  Pbila.,  p.  387 ;  Bteganoer.  araneolitd,  1866,  Geol.  Rep.  III., 

ii,  p.  198v  PI.  15,  flgff%  1  a,  b.     Lowar  Barlin^on  limest.     Barlington,  Iowa. 
*\U5,  ttegaiwar.  ooneiuuM  Shumard.    (Aetinoor.  ooaoiaiiiu)  Swallow's   Geol. 

Rep.  Missoari,  pt.  ii,  p.  189,  PI.  A,  fig.  5  ,*  Meek  and  Worth.,  1866,  Aotinoor. 

oomeiimvi,  Oool.  Rep.  111.,  p.  200,  PI.  16,  figs.  9  a,  b.     Upper  Burl  ngton 

Hmest.    Burlington,  Iowa. 
iSrjra.  AotlBOtr.  vmlidM  Meek  and  Wortben,  1S60,  Proo.  Acad.  Nat  Soi.  Pbila. 

p.  384. 
1858.  ttegtnter.  pontagomii  Hall.    Type  of  the  genas.    (Aotinoor.  penUgonat) 

Geol.  Rep.  Iowa,  i,  pt.  ii,  p.  577,  PI.  10,  figs.  6  a,  b;  Meek  and  Wortben, 

186(1,  StegsaooT.  pentagonal,  Geol.  Rep.  111.,  ii,  p.  198;  Ibid.,  1868,  iii,  p. 

474,  PL  16,  fig.  8.     Lower  Burlington  liraest.     Bariington,  Iowa. 
1858.  llogaaoor.  sonlptai  Hall.    (Aotinoor.  Mulptn*— not  Miller)  Geol.  Rep.  Iowa, 

i,  pt  ii,  p.  582,  PI.  10,  figs.  11  a,  b;  Meek  and  Wurthen,  1866,  Stoganoor. 

■onlptnii  Geol.  Rep.  111.,  ii,  p.  198.     Lower  Barlington  limost.    Burlington, 

Iowa. 

18.  AMPHORAGBIKUS  Austin. 

1848»  Austin.    Quart  Journ.  GeoL  Soc.  London,  iv,  p.  292. 
1878.  Heek  and  Wortben.    Geol.  Rep.  111.,  v,  p.  886. 

Not  Roemer,  1855.    Lethsa  (Jeogn.  (Ausg.  8),  p.  250  =  Agarico- 

erinu$. 
Not  Hall,  1861.    Boat.  Joum.  Nat.  Hist.,  p.  561  =  Agarieocrinus. 
Not  Meek  and  Wortben.    Geol.  Rep.  111.,  ii,  p.  209  =  Dorycrinus, 
Syn.  Amphora,  Cumberland,  1826.    Beliqu.  Conserv.,  p.  26. 
8yn.  AcHnocrinus  Phillips  (in  part),  1886.    Geol.  Yorkshire,  p.  206. 
8yn.  Actinoerinus  Hall  (in  part),  1860.    Supp.  Geol.  Rep.  Iowa. 
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Cumberland  proposed  in  1826  the  name  Amphora  for  two  very 
distinct  species,  which  were  distinguished  by  him  by  numbers. 
His  species  No.  1,  represents  a  lobed  species  of  Actinocrintig 
Miller,  while  his  No.  2  is  Amphoracr,  Oilbertsoni  Austin.  Cum- 
berland's descriptions  of  the  genus  (?)  Amphora^  were  eridently 
taken  from  his  first  species,  for  he  describes  it  as  resembling  in 
outer  form  ^^  a  wine  Amphora  with  five  handles  for  suspension 
and  a  central  neck  to  pour  from,''  which  applies  well  only  to  PI. 
C,  fig.  5.  This  species  must  therefore  be  considered  the  type  of 
Amphora  if  taken  in  a  generic  sense,  but  being  a  species  of 
Actinocrinus^  the  name  became  a  synonym,  and  Austin  was 
perfectly  at  liberty  to  remodel  it  into  Amphoracrinus,  or  even 
propose  an  entirely  new  name.  Austin's  Amphoracr,  craasus  and 
A.  granulosusj  which  were  mentioned  in  connection  with  the 
genus,  have  never  been  defined.  Ooldfuss,  in  1848,  used  the 
name  in  a  specific  sense,  not  being  aware  that  Phillips  had  already, 
in  1836,  adopted  for  Cumberland's  "  Amphora  No.  2  "  Miller's 
MS.  name  "  OilhertsonV^ 

Roemer  and  Hall  have  both  confounded  Amphoracrinua  with 
AgaricocrinuSj  with  which  the  form  of  the  body  has  a  slight 
resemblance,  but  from  which  it  differs  materiall}'  in  the  arrange- 
ment of  plates ;  in  having  the  radials  laterally  extended ;  in  the 
subcentral  anal  tube,  and  also  in  the  arm  structure. 

Meek  and  Worthen  at  first  brought  Amphoracrinvs  into  con- ' 
nection  with  DorycrinuB  Roemer,  from  which  it  differs  as  much 
as  from  Agaricocrinus,    Dorycrinus  has  delicate  arms,  arranged 
in  pairs,  a  comparatively  deep  calyx,  and  a  lateral  anal  opening. 

Amphoracrinua  is  a  somewhat  aberrant  form,  but  its  closest 
affinities  are  evidently  with  the  Actinocrinitesy  with  which  it 
agrees  in  the  lobed  form  of  the  body,  in  the  general  structure  of 
the  vault,  in  the  arrangement  of  the  anal  plates,  and  in  the 
position  of  the  anal  tube ;  while  in  the  depressed  form  of  the 
calyx  it  resembles  tlie  Agaricocrinitea^  and  in  the  arms  it  is 
somewhat  like  the  Periechocrinites, 

Generic  Diagnosis. — Body  higher  than  wide,  decidedly  lobed  • 
symmetry  bilateral.  Calyx  short,  composed  of  comparatively  few 
plates,  lower  portions,  up  to  arm  bases,  from  saucer-shaped  to 
slightly  convex,  but  never  concave.  Dome  highly  elevated,  and 
somewhat  infiated,  especially  toward  the  posterior  side,  which  is 
extended  into  a  subcentral  or  excentric  anal  tube.    Sur&ce  of 
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bod}'  plates,  including  dome,  covered  with  peculiar  granules  or 
indistinct  wrinkles. 

Basals  three,  moderately  large,  forming  together  a  shallow 
hexagonal  basin,  the  upper  side  without  reentering  angles ;  a  low 
rim  borders  the  columnar  &cet.  Primary  radials  3X5;  the  first 
wider  than  high,  much  narrower  at  their  junction  with  the  basals, 
superior  lateral  sides  short ;  second  radials  generally  shorter  than 
the  first,  but  wider ;  third  radials  wide,  as  high  as  the  second ;  the 
second  are  arranged  horizontally  to  the  vertical  axis  of  the  body, 
while  the  third  sometimes  take  even  a  downward  direction.  In 
the  European  species  only  the  secondary  radials  assume  that 
position;  in  American  species  the  convexity  of  the  calix  does 
not  extend  beyond  the  first  radials.  The  upper  radials  bend  so 
abruptly  outward,  that  only  their  lower  corners  come  in  contact 
with  the  interradials,  the  plates  themselves  form  the  base  of  a 
lobed  lateral  extension ;  contrary  to  Agaricocrinus^  in  which  they 
are  flattened  out,  and  form  a  disk  in  connection  with  the  adjoining 
pieces. 

Secondary  radials  1  X  10,  either  all  bifurcating,  or  one  side  of 
each  ray  only.  In  the  former  case,  each  plate  supports  on  each 
of  its  sloping  sides  a  tertiary  radial,  which  in  turn  supports  the 
primary  arms ;  in  the  other,  one  arm  is  given  off  from  a  secondary 
radial.  The  rays,  to  the  base  of  the  arms,  are  spread  out  hori- 
sontally,  and  the  arms  curve  upward  very  gradually ;  this  gives 
to  the  specimen,  with  the  arms  attached,  an  imusually  broad 
appearance,  its  width  and  length  being  almost  equal.  Arms 
cylindrical,  strong,  of  nearly  equal  size  to  their  full  length, 
divergent,  simple  or  ramifying,  composed  of  two  series  of  very 
narrow  pieces,  alternately  arranged,  rounded  at  the  back,  with 
zigzag  suture  lines.  In  A,  spinobrachialus  Hall,  in  which  the 
arms  on  becoming  free  remain  simple,  some  of  the  joints  at  each 
side  of  the  arm  are  extended  into  long  lateral  spines,  which  stand 
out  conspicuously  from  both  sides  of  the  arm  bases.  The  lower 
ones  are  short,  but  they  increase  in  length  upward  until  they 
attain  a  length  of  one  and  one-half  the  width  of  the  arm.  The 
spines  are  placed  farther  apart  as  they  increase  in  size,  the 
distance  being  lengthened  each  time  by  one  additional  joint.  In 
species  in  which  the  arms  divide,  the  joints  are  smooth,  and  the 
bifurcation  takes  place  from  the  double-jointed  arms,  as  in  the  case 
of  Periechocrinu8j  not  from  single  plates  as  in  Platycrinus^  etc. 
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Interradials  three,  of  moderate  size,  the  two  upper  ones  situated 
within  the  sinus  formed  by  the  extended  rays.  Anals  three  to  four 
large  ones,  succeeded  by  additional  smaller  ones  ^  the  first  in  line 
with  the  first  radials;  the  second  series  two,  rarely  three.  In  the 
construction  of  the  anal  side,  Amphoracrintu  forms  a  link  between 
the  Actinocrinitea  and  AgaricocrinUes.  In  this  respect  it  is 
interesting  to  obserre  that  the  second  series  of  plates,  within  the 
limits  of  the  same  species,  has  sometimes  two,  and  sometimes 
three  plates,  but  wherever  the  third  plate  is  present,  it  is  narrower 
and  smaller,  and  touches  the  first  anal  but  slightly;  while  when 
absent,  the  plate  above  them  fidls  in  deeply  between  the  two  plate& 

Dome  high,  infiated,  the  interradial  spaces  depressed,  the  radial 
portions  formed  into  broad  ridges,  which  tnortase  in  prominence 
toward  the  arm  bases.  Central  dome,  and  the  four  large  proximal 
pieces  placed  in^  eontact  with  each  other,  large,  amd  strongly 
spiniferous  (the  spines  in  A,  divergen9  Hall  sometimes  attain  a 
length  of  an  inch  and  arhalf,  and  are  bi*  of  tri-digitate),  the  two 
smaller  proximal  plates  are  separated  by  a  wide,  somewhat  inflated 
area,  which  supports  an  anal  tube.  The  tube  is  located  in  the  rear 
of  the  central  plate  and  is  almost  central,  while  the  central  plate 
is  pushed  somewhat  to  the  anterior  aide.  The  tube  is  constructed 
of  plates  similar  to  those  of  the  vault ;  it  is  rather  stout  through^ 
out,  but  very  short,  its  upper  extremity  rounded,  with  a  small 
subcentral  anal  opening,  which  is  surrounded  by  j^tes  and  spinea^ 
similar  to  those  which  surmount  the  vault  at  the  base  of  the  tube, 
but  on  a  smaller  scale.  The  other  plates  of  the  dome  are  of  nearij 
equal  size,  their  surface  beautifully  granulated.  Inner  floor  of 
the  vault  as  in  Actinocrinua^  deeply  grooved  along  the  radial 
portions,  and  formed  into  closed  galleries  toward  the  arm  baaes^ 

Column  round,  constructed  alternately  of  larger  and  smaller 
joints,  whose  lateral  margins  are  sharply  edged;  central  canal 
smalL 

Geological  POtition,  etc-^Amphorocrinus  occurs  only  in  the 
lower  strata  of  the  Subcarboniferous— 4iot  beyond  the  age  of  the 
Lofver  Burlington  limestone— both  in  America  and  Europe. 

We  recognize  the  following  species : — 

*1849  (?).  Amphoraeriniu  aUai  M0C07.  (Aetinoor  atUt)  Ann.  and  Mag.  Nat.  Hist. 
(ser.  ii),  toI.  iii,  p.  246;  Roemer,  1855,  Amphoraer.  atUf,  Lethsea  0«ogn. 
(Ansg.  8),  p.  350.    Mount.  limetC.    Bofland,  Engl. 
Perhaps  Sy».  of  Aaiibexmsr.  tUbertaoni  Aostin. 
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UMk.  AaplMffa«r.  iivtifwu  HaU.    (AatiBMr.  diftrgtM)  Sapp.  Geol.  Rep.,  Iowa. 

p.  86;  Meek  tad  Worthen,  1873,  Oeol.  Rep.  Dl.,  t,  p.  888,  VI.  t,  fig.  6. 

Lower  Barlington  Hmeat.    Barlington,  Iowa. 
JSfpi,AmplknuT,  di? wgwi  Tar.  mvltinuBMiit  Meek  and  Worth.,  1878.  QcoL 

Bopw  m.,  r,  p.  889,  PI.  B,  tg.  8. 
8^  Amfimnn,  plawhariHl  Hall,  1860.    Snpp.  Geol.   Rep.  Iowa,  p.   19, 

PL  4,  tgt.  10, 11 ;  iMphorter.  planobMilU  Meek  aad  Worth.,  1873,  Geol. 

Rep.  HL,  t.  p.  888. 
Sjfn.  Aetinoer.  qnadrifpiAVi  White.    Proo.  Boat.  Soo.  Nat  Hiit.,  iz,  p.  15; 

Aaphoraer.  qutdxlfpiamt  Meek  aod  Worthen.    Geol.  Rep.  Dl.,  r,  p.  888. 
1881.  iMfhoraor.  QilhMrtlomi  Miller  (not  de  Koninck).    Type  of  the  genus..    Aoti- 

BOer.  OilhtrtMili  (Philipi,  1836,  Geol.  of  Yorkshire,  p.  206,  PI.  4,  fig.  19; 

AnstiD,  1842,  Ann.  and  Mag.  Nat.  Hist.,  x,  p.  109 ;  Amphoraor.  Ollbortioiil. 

Quart.  Joum.  Geol.  Soo.  London,  ir,  p.  292 ;  Bronn,  1860,  Klaeeen  d.  Thier* 

rtleha,  ii,  PL  88,  flg.  2;  Quenttedt,  1862,  Handb.  d.  Petref.,  p.  619,  PL  54, 

flfi.  24  a,  h.    Subearbeniferoua.    Florence  Court,  Ireland. 
^fu,  Amphoxs  Vo.  8.    Cumberland,  1826,  Reliquiss  Conservata,  p.  36. 
i^ra.  Mtloer.  amphora  Goldfnss,  1838.    Nova  Acta  Ao.  Leop.,  xix,  p.  341. 
4f*-  Aotiaoor.  aaiphoni  Portlock,  1843.    Rep.  Geol.  Londonderry,  PL  20, 

igt.  4  a,  and  8  a,  b;  MoCoy,  1844,  Synops.  PaL  Fosi.  Ireland,  p.  181. 
18ML  Aapkaraer.  ipiiiobnMhUtai  Hall.    (AoUator.  apinohraohiataa)  Supp.  GeoL 

Rep.  Iowa,  p.  6 ;  Meek  and  Worthen,  1873.    Amphoraor.  spinobraehiatni, 

GeoL  Rep.  111.,  t,  p.  388,  PI.  6,  fig.  5.     Lower  Burlington  limest.    Burling^ 

ton,  Iowa. 
4p-  Aotteoer.  iBflatna  Hall,  I860.    Supp.  Geol.  Rep.  Iowa,  p.  20,  (not  Aoti- 

M«r.  (Ampboraor.)  inflatm  Hall,  1861  =  Agariooor.  inflatu) ;  Meek  and 

Worthen,  1873,  Amphoraor.  (?)  inflatns,  Geol.  Rep.  DL,  r,  p.  388.    lower 

Burlington  limest.     Burlington,  Iowa 
48M.  Amphoraor.  fiminaUo  Hall  (Aotiaoor.  TimlBslio).    17th  R^.  N.  fork  St. 

Gah.  Xat.  HIM.,  p.  64;  GeoL  Bep.  Ohio,  Paleont.,  ii,  p.  165,  PL  11,  figs.  12-14. 

Wavarly  gr.    Riohfield,  Ohio. 

19.  PHTUnBOOBnrVl  Meek  and  Worthen. 
(PI.  1^  flg.  5). 

1809.  Meek  and  Worthen  (sabgenns  of  StrotQeriutuy,    Proo.  Acad.  Nat. 

Sci.Phila.,  p.  108. 
18T8,  Meek  and  Worthen.    GeoL  Rep.  Dl.,  Y,  p.  Mft. 
(Jkaofibed  by  Hall  under  Actinoerinu$,) 

PhyBetocrinuB  was  proposed  by  Meek  and  Worthen  as  a  sub- 
genus of  Strotocrinus,  on  account  of  its  close  affinities  with  their 
Strotocrinus  Sect.  A,  both  having  a  simple  anal  opening  through 
the  vault.  They  thus  separate  Physetocrinus  generically  from 
AcHnocr%nu8j  but  they  place  Stroiocrinus  and  our  TeleiocrinuSj 
although  these  differ  in  the  same  characters,  as  mere  sections  under 
the  same  generic  form.  Meek  and  Worthen  evidently  made  the  rim 
the  criterion  for  the  generic  division.    This  we  acknowledge  to  be 
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a  good  character,  but  it  must  not  be  used  to  unite  two  groups, 
otherwise  distinct,  in  which  the  rim  has  been  independently 
developed,  by  modifications  under  similar  conditions. 

Physetocrinus  differs  from  AcHnocrinua  in  the  form  and  con- 
struction of  the  vault,  in  having  no  anal  tube ;  in  having  pores 
along  the  radial  portions  of  the  dome,  and  in  possessing  no  hook- 
like projections  along  the  pinnules. 

Generic  Diagnosis, — Body  large,  wider  than  high ;  calyx  semi- 
ovate,  much  higher  than  the  dome,  which  is  depressed,  convex,  or 
almost  straight ;  plates  ornamented  with  beautiful  strie  and  with 
a  deep  indentation  at  each  comer  of  the  plates. 

Basals  three,  large,  truncate  below,  projecting  out  from  the 
body,  and  forming  together  a  low  cup.  Primary  radials  3  X  5,  of 
nearly  equal  size,  the  upper  supporting  1X2X5  comparatively 
large  secondary  radials,  which  all  bifurcate  and  support  the  two 
main  divisions  of  the  ray.  These  extend  out  from  the  body,  and 
throw  off  on  both  sides  lateral  branches  from  each  plate  as  in 
Actinocrinu8j  which  on  becoming  free  turn  into  arms.  The  five 
main  rays,  their  divisions,  and  every  branch,  are  separated  by 
small  pieces,  which  toward  the  arm  bases  form  deep  sinuses, 
extending  deeply  into  the  vault,  and  giving  to  the  surface  that 
corrugated  aspect  which  is  so  characteristic  of  this  genus. 

Interradial  plates  more  numerous  than  in  Actinocrinus ;  they 
consist  of  one  in  the  first,  and  two  in  each  succeeding  series,  grad- 
ually decreasing  in  size.  The  upper  plates,  which  are  minute,  join 
with  the  plates  of  the  vault,  to  form  the  depressions  between  the 
main  rays.  There  are  three,  five,  or  more  interaxillary  pieces, 
which,  connecting  with  the  vault,  form  the  sinuses  between  the 
main  division  of  the  ray,  while  one  or  more  interbrachial  plates, 
in  a  similar  manner,  separate  the  lateral  branches. 

Anal  area  somewhat  wider,  and  the  sinus  between  the  adjoining 
rays  a  little  deeper  than  in  the  other  four  interradial  fields ;  it 
is  composed  of  one  large  special  plate  in  line  with  the  first  radials, 
two  smaller  plates  in  the  second,  and  generally  three  plates  in  the 
succeeding  series. 

Vault  composed  of  rather  delicate,  extremely  small  tuberculous 
pieces,  which  are  disposed  apparently  without  order  or  regu- 
larity; only  the  proximal  dome  plates  being  distinguishable. 
There  are  small  braces  on  the  inner  side  of  the  floor,  and  the 
entire  vault  is  bent  so  as  to  form,  in  connection  with  the  braces,  in 
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the  interradial  and  interbrachial  spaces,  natural  ridges,  which 
at  the  inner  side  constitute  grooves  or  open  galleries  for  the 
reception  of  the  ambulacral  tubes.  It  is  a  remarkable  feature  of 
this  genus,  that  the  inner  floor  within  the  grooves  is  lined  with 
indentations,  which  evidently  formed  passages  through  the  vault, 
perhaps  in  connection  with  the  hyd respires,  and  either  communi- 
cated with  the  surrounding  element  or  with  soft  api^endages. 
These  indentations  have  been  observed  only  in  Phyaetocrinus  and 
Strotocrinus  (not  TeleiocrinuB)^  but  in  several  species,  and  hence 
may  be  considered  a  good  generic  distinction.  They  are  located 
between  the  sutures  along  the  middle  series  of  plates,  and  are 
best  observed  in  natural  casts  (PI.  19,  fig.  5),  in  which  they  form 
little  tubercles,  which  extend  to  the  arm  bases. 

Anus  in  form  of  a  circular  opening  through  the  vault,  surrounded 
by  very  minute  plates,  which  were  somewhat  flexible,  for  they  bulge 
out  frequently  into  a  small  protuberance. 

Arms  long,  the  sides  somewhat  angular ;  constructed  of  two 
series  of  pieces ;  pinnules  composed  of  slender  joints  (without 
hooks),  closely  arranged. 

Column  like  that  of  Actinocrinus. 

Geological  Fosition^  etc. — Phyaetocrinus  has  been  discovered 
only  in  America,  and  in  rocks  of  the  age  of  the  Burlington  lime- 
stone. 

We  recognize  the  following  species : — 

1889.  Fhjietoeriani  aiptr  Meek  and  Wortben.     (Strotoor.— PhyMtoor.— «ip«r) 
Proo.  Aoad.  Nat.  Soi.  Phila.,  p.  161 ;  alto  Ueol.  Rep.  III.,  v,  p.  351,  PI.  7,  fig. 
1.    Upper  Burlington  limest.    Burlington,  Iowa. 
1889.  PhyMtoer.  diUtatu  Meek.    (Strotoor.— Physetoor.— diUtotns)  Proo.  Acad. 
Nat  Sei.  Phila.,  p.  162;  also  Oeol.  Rep.  111.,  r,  p.  36!,  PI.  10,  fig.  6.    Upper 
Burlington  limeat.    Burlington,  Iowa. 
185S.  PhyMtoer.  ornatnf  Hall.    (Aotinoor.  omatoi)    Oeol.  Rep.  Iowa,  i,  pt.  ii,  p. 
583,  PI.  10,  fig.  12;  Meek  and  Worthcn,  1873,  Geol.  Rep.  111.,  r,  p.  349. 
Lower  Burlington  limest.    Burlington,  Iowa. 
SyK.  Aotivoor.  Mnariu  Hall,  1880.    Supp.  Geol.  Rep.  Iowa,  p.  25. 
1858.  PhyMtoor.  ▼•atrloosai  Uall.    Tjpe  of  the  genus.    (AoUnoor.  ventrioosof) 
Geol.   Rep.  Iowa,  i,  pt.  ii,  p.  595,  PI.  11,  figs.  8  a,  b;  Moek  and  Wortben, 
Geol.  Rep.  111.,  y,  p.  349.     Upper  Burlington  limest.    Burlington,  luwa. 
Sgu.  Aotinoer.  veatrioosai  var.  inteiaodius  Hall,  1861.    Deso.  New  Sp. 

Grin.,  p.  3 ;  also  Bost.  Joum.  Na^.  Hist.,  p.  278. 
Sgm.  Aotinoer.  yar.  redoaUtus  1661.    Deso.  New  Sp.  Grin.,  p.  3. 
Sgn,  AoUaoor,  var.  oaaoellatai.    Bost.  Journ.  Nat.  Hist.,  p.  279. 
Si.u,  Aotinoer.  mbyontrioosiii  McGhetney,  1860.     New  Pal.  Foss.,  p.  31; 
also  1889,  Gbicago  Aoad.  Sci.,  i,  pr.  i,  p.  16,  Pi.  4,  fi^.  8;  Meek  anl  Wortben, 
Geol.  Rep.  III.,  r,  p.  349. 
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20i  trSOVOCBUnm  Meek  and  Wortkea. 

(R.  ISi  figs.  1,  8.) 

1866.  Meek  and  Worthen  (in  part,  Sect  A).    Geol.  Rep.  Bl.,  ii,  p.  188. 

1866.  Meek  and  Woi-then.    Fvoo.  Acad.  Nat.  Sci.  Pliila,  p.  968. 

1860.  Meek  and  Worthen.    Ibid.,  pi  158. 

1878.  Meek  and  Worthen.    Oeol.  Bap.  111.,  ▼,  p^  847. 

1878.  Zittel.    (Subgenus  of  Aetimer,y    Handb.  d.  Pal»ont,  p.  870. 

6yn.  Aetinocrinu$  (in  part)  Hall,  1860  and  61 ;  Meek  and  Woithen, 

1861. 
Byn,  OalaihocrinuM  HaXi.    (Subgenus  of  Aeiinoeriwui.)    1861,  Dese; 
New  Sp.  Grin.,  p.  12  (not  yon  Meyer,  1848). 

The  relations  of  this  genus  with  TeleiocriniLa — Meek  and 
Worthen 's  Stroiocrinus  Behave  been  sufficiently  discussed,  also 
with  Physetocrinu^^  and  so  we  offer  without  remarks  our 

Revised  Generic  Diagnosis. — Body  extremely  lar^  the  l^wec 
portions  conical,  the  upper  spread  horizontally^  forming  a  oon- 
tinuous  rim  surmounting  the  cone ;  dome  flat  or  slightly  convex, 
without  anal  tube ;  surface  of  plates  beautifully  striatedu 

Basals  three,  large,  of  equal  size,  forming,  a  cup  which  is 
truncate  below.  Primary  radials  8X5;  the  first  larger,  higher 
than  wide ;  second  and  third  of  nearly  equal  size.  The  third 
radials  give  off  1  X  2  X  5  secondary  radials,  all  bifurcating  plates^ 
which  form  the  bases  of  the  two  main  divisions  of  the  ray. 
These  and  all  succeeding  plates  are  spread  out  horizontally,  and 
form  a  part  of  the  rim. 

The  succeeding  orders  of  radials  are  composed  of  1  X  2  plates 
to  each  main  division  of  the  ray,  one  of  them  always  axillary,  the 
other  truncate  above.  The  former  gives  off  the  next  number  of 
radials,  while  the  latter  is  succeeded  by  a  number  of  fixed  arm 
plates  which  form  lateral  branches  and  give  off  finally  the  free  arms. 
The  radials  are  so  arranged  that  in  each  succeeding  order,  and 
these  are  numerous,  the  bifurcating  plate  is  placed  always  to  the 
opposite  side,  so  that  the  branches  are  given  off  alternately  from 
opposite  sides  like  pinnules.  The  two  main  trunks  of  each  ray 
extend  in  length  beyond  the  branches,  and  as  both,  the  main  trunks 
and  branches,  are  marked  along  the  median  line  by  a  conspicuous 
ridge  or  elevation,  passing  from  plate  to  plate,  the  branching  of 
the  rays  in  the  rim  is  most  beautifully  indicated.  In  the  forma- 
tion of  the  rim,  the  interradial  and  interaxillary  plates  also  con- 
tribute, and  these  extend  frequently  to  near  the  firee  arm  bases. 
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The  lateral  branches  either  abut  against  each  other  or  are  partly 
separated  hy  small  pieces,  whieh,  as  we  suggested,  are  rudiments 
of  early  pinnules. 

Interradials,  anals,  and  interaxillary  plates  arranged  as  in  the 
preceding  genus,  but  they  are  more  numerous,  and,  contrary  to 
Teleiocrinus,  extend  far  into  the  rim. 

Vault  depressed,  convex  or  more  frequently  flat,  and  only  near 
the  arm  bases  somewhat  rounded,  the  spaces  along  the  ten  main 
divisions  somewhat  elevated  above  the  general  plane.  The  disk 
is  paved  by  many  hundreds  of  small  polygonal  pieces,  which  de- 
crease in  size  toward  the  arms,  and  which  at  the  outer  points  of 
the  rays  become  almost  microscopic.  The  apical  plates  are  larger, 
and  are  separated  from  each  other,  but  not  otherwise  distinguished 
firom  the  other  plates,  and  hence  are  not  easily  identified. 

Anus  in  form  of  a  simple  opening  through  the  vault.  The 
inner  floor  of  the  vault  is  constructed  similar  to  that  of  Fhyaeto- 
ertnu«,  and  has  similar  indentations  (pores  ?)  along  the  grooves ; 
but  the  divisions  of  the  ray,  within  the  rim,  are  separated  as  in 
Teleiocrinua  by  partitions,  and  thus  are  formed  into  regular  ducts, 
which  diverge  until  there  is  a  separate  passage  to  each  ray.  Arm 
openings  laterally  arranged  around  the  rim,  each  one  with  a 
itapiratOTy(?)  pore  aside  of  it.  Arms  long,  comparatively  thin, 
not  bifurcating  in  their  free  state ;  pinnules  long,  composed  of 
slender  joints. 

Column  round,  not  large  in  proportion  to  the  size  of  the  speci- 
men, without  external  rips  or  thickened  processes ;  central  canal 
of  medium  size,  pentagonal. 

Chological  Position,  etc, — StrotocrinuB  seems  to  be  limited  to 
the  fiubcarboniferous  of  the  Mississippi  valley,  and  is  here  found 
only  in  a  small  belt  at  the  middle  portion  of  the  Upper  Burlington 
limestone,  where  it  seems  to  have  flourished  in  great  profusion, 
but  none  reached  up  to  the  Keokuk  Transition  bed.^  The  two  or 
three  species  of  this  genus  belong  to  the  largest  and  most  bcau- 
tffhl  forms  of  -the  Palseocrinoidea,  the  body  without  arms  attains 
sometimes  a  height  of  five  inches  by  six  inches  width  along  the 

^  The  Bpecies  which  S.  A.  Miller  describes  from  Bloomfield,  Mo.,  under 
Stfotoer,  Bl&amfiMeniiB  is  from  cherty  layers  of  the  Upper  Burlington, 
and  not  from  the  Keokuk  limeBtone ;  we  take  it  to  be  a  synonym  of  Strotocr, 
nffoHs  until  specimens  showing  the  test  prove  the  contrary,  a  diagnosis 
hned  upon  the  internal  cast  only,  has  in  our  opinion  very  little  value. 
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rim,  the  latter  spread  out  an  inch  and  more  all  around,  while  the 
main  branches  reach  a  length  of  two  inches  and  a-half. 
We  place  here  the  following  species : — 

1859.  Strotocrinuf  glyptni  Hall.    (Aetinoor.  glTptni)  Sapp.  Gaol.  Rep.  Iowa,  p.  2 ; 

Meek  and  Wortben,  Strotoer.  glyptns  (Sect.  A),  Qeol.  Bep.  111.,  ii,  p.  190. 

Upper  BurlingtoD  limettone.    Burlington,  Iowa.    This  ii  not  a  Syn.  of  Ae* 

tinoer.  erodni  Hall  ae  lupposed  bj  Meek  and  Wort  hen. 
1859.  Strotoor.  ptnunbroiiis  Hall.    (Aotiaoer.  ptnunbroius).    Bupp.  Geol.  Rep. 

Iowa,  p.  7;  Meek  and  Worthen,  Strotoer.  pommbronu  (8«eL  A),  Geol.  Rep. 

111.,  ii,  p.  190;  alio  Ibid.,  r,  p.  357,  PI.  8,  fig.  4.     Upper  Burlington  limeat. 

Burlington,  Iowa.    This  is  probably  a  Syn.  of  StrotOOr.  rogftlis. 
1859.    Strotoer.  regalii  Hall.     (Aetinoer.  regalis)  Snpp.  Geol.  Rep.  Iowa,  p.  8  : 

Meek  and  Wortbrn,  1806,  Strotoer.  rogalis,  Geol  Rep.  III.  i*,  p.  192.    Upper 

Barlington  limest.     Burlington,  Iowa. 
Syn.  Aetinoor.  spoeiosni  Meek  and  Worthen,  1860,  Proe.  Aoad.  Nat.  Soi.  Phila., 

p.  386.     (Meek  acknowledged  it  to  be  a  Syn,  of  Strotooriaus  regalis  in 

1860). 
Syn.  Strotoer.  BloomfloldontU  8.  A.  Miller,  1879,  Jour.  Cincin.  Soc.  Nat. 

Hist.,  ToL  ii,  PI.  15,  fig.  0. 


21.  eBKKfOCSnniS.   not.  G«n. 
{yewatoc,  of  noble  origin,  Kplvov^  a  lily). 

We  propose  the  above  name  for  a  little  group  of  Crinoids  from 
the  Upper  Devonian,  which  cannot  be  satisfactorily  referred  to 
any  established  genus.  In  their  general  construction  they  closely 
resemble  Actinocrinus  and  Fhyseiocrinus^  but  differ  from  both, 
and  in  fact  from  all  Actinocrinites,  in  the  arrangement  of  the  anal 
plates.  The  anal  area  has  in  the  second  series,  like  all  other  Ac- 
tinocrinidse,  previous  to  the  Subcarboniferous,  three  plates  in 
place  of  two,  agreeing  therein  with  the  Batocrinites,  from  which 
they  differ,  however,  in  the  much  greater  number  both  of  anal  and 
interradial  plates,  the  different  arrangement  of  these  plates, 
which  form  an  unbroken  line  with  the  interradial  vault  pieces,  the 
presence  of  interaxillaries,  the  strongly  lobed  form  of  the  body, 
the  mode  of  bifurcation,  and  in  other  characters.  It  is  possible 
when  the  construction  of  the  vault  and  arms  are  better  known, 
that  OennseocrinuB  should  be  placed  subgenerically  either  under 
Actinocrinus  or  Physefocrinus. 

Generic  Diagnosis. — General  form  of  body  wider  than  high, 
lobed  at  the  arm  regions;  calyx  beautifully  striated,  the  higher 
radials  formed  into  ridges  and  resembling  fixed  arms ;  vault  low 
hemispherical,  composed  of  small,  spiniferous  or  nodose  plates. 


1881.]  NATURAL  8CIEN0E8  OF  PHILADELPHIA.  335 

Basals  three,  short,  with  a  tripartite  rim  formed  by  the  projec- 
tion of  the  lower  margin  of  the  plates.  Primary  radials  3x5, 
of  nearl}*^  similar  form  but  decreasing  in  size  upward.  The  third 
radial  gives  off  1  X  10  secondary  radials,  and  these  form  the  two 
main  trunks,  of  which  each  one  gives  off,  alternately  throughout 
all  the  bifurcations,  and  from  every  first  joint,  an  axillary,  and 
to  the  opposite  side  a  fixed  arm  plate,  the  one  supporting  the 
next  order  of  radials,  the  other  being  succeeded  by  additional 
arm  plates,  which  on  becoming  free,  pass  into  a  simple  arm, 

Interradials  numerous,  from  five  to  seven  or  more,  the  second 
resting  l)etween  the  second  and  third  primary  radials,  the  upper 
ones  being  in  contact  with  the  interradial  plates.  The  space  between 
the  rays  is  wide,  deeply  depressed,  especially  at  the  posterior 
side,  and  this  depression  extends  to  the  vault.  Anal  area  very 
wide,  the  first  plate  in  line  with  the  first  radials,  and  of  their 
size.  There  are  two  plates  in  the  second  range,  three  or  four 
in  the  third,  with  a  large  number  of  small  pieces  above,  which 
imperceptibly  connect  with  the  plates  of  the  vault. 

Interaxillary  plates  one  to  three.  Vault  depressed,  its  radial 
portions  formed  into  ridges  or  lobes,  which  rapidly  increase  in 
prominence  toward  the  arm  regions.  It  is  composed  of  moder- 
ately small,  apparently  irregularly  arranged  pieces,  which  are 
more  or  less  spiniferous. 

Anus  excentric,  probably  in  form  of  a  simple  opening  through 
the  vault.    Arms  unknown. 

Geological  Pofsition,  etc — Gennseocrinus  is  restricted  to  the 
Hamilton  group  of  America. 

We  place  here  the  following  species : — 

*1862.  OeiiBAoeriBVS  oalTpso  Hall.    (Aotinoer.  oalypso)  16th  Rep.  N.  York,  St. 

Cab.  Nat.  Hiet.,  p.  133.     Hamilton  gr.    Western  N.  T. 
*186l.  OeaiUBoer  CatMdaji  Lyon.    (Aetinoer.  CaiMdaji)  Proo.  Aoad.  Nat.  Soi., 

Phila.,  p.  410,  PI.  i,  figi.  3,  3a.    Enorinal  Itmebt.    Near  Lousvilley  Ky. 
*1862.  Oenneoor.  oaulioulvi  Hall.     (Aotinoor.  Molioulns)   15th  Rep.  N.  York. 

St.  Cab.  Nat.  ni<t.,  p.  132.     Hamilton  gr.    Western  N.  York. 
*1862.  Oeiusoor.  cuoharis  Hall.     (Aotinoor.  euoharis)  15th  Rep.  N.  York,  St. 

Cab.  Nat  Hint.,  p.  130.     Hamilton  gr.    Western  N.  York. 
*1860.  OoBiUBOOr.  KenUiokieiuis  Shumard.    Type  of  the  genus.    (Aotinoor  Ken- 

tuokiontis)     Am.  Joum.  Sci.  and  Arts.  (per.  2),  vol.  28,  Scptbr.  ISotf,  p.  238, 

Cat.  Pal.  Fosi.,  p.  345.     Lower  part  of  Hamilton  gr.     Beargrass  Quarries, 

near  Lonity tile,  Ky. 
Sifn,  Aotiator.  oomigarni  Lyon  A  Cass.,  1859.(not  Hall,  1858). 
•1862.  Oonnsoor.  ajssa  Hall.     (Aotinoor.  nyssa).    15tb  Rep.  N.  York.  St.  Cab. 

Nat  Hist.,  p.  129.     Hamilton  gr.    Western  N.  York. 
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•lM2(f)  GeiuuMer.  pMillui  Hall.  (AitiiMC  poiftUsM).  15ih  Btp.  V.Xark. 
St  Oftb.  N«t.  HmAm  p.  134.  iUmUton  gr.  Wettern  V.  York.  (Ihii 
spMiet  probftblj  belong!  to  sodlb  other  glronp.) 

f,    BATOoBnriTBa. 

n    BATOCUVXri  GMsedey. 

(PI.  18,  fig.  8  and  PI.  19,  fig.  2). 

1854.  Caaaedaj.    Deutsche  Zeitaohr.  d.  GeoL  QeMllMlu,  vi,  p.  287. 

1867.  Piot^t.    Traits  de  Paltont.,  iv,  p.  824. 

1865.  Meek  and  Wortben  (Suliigen.  Aetinoer).     Proo.  Acad.  Nat  Sci., 

Phila.,  p.  158. 
1896.  Meek  and  Worthen  (Bnbgemn  of  Aditnocr.).    Cleol.  Rep.,  HI.,  ti,  p. 

150. 
1869.  Meek  and  Worthea.    Proo.  AcmL  Kafc.  Sol.,  PMk^  p.  8S0. 

1878.  Meek  and  Worthen.    Geol.  Rep.,  Dl.,  t,  p.  864. 

UB78.  Wacham  and  Spr.    Proo.  Acad.  Nat  Sci^  Phila.,  p.  839. 

1879.  Zittel  (Subgenus  of  ^e/tnoer).  Handb.  Pal»ont,  p.  870. 

Byn.  Aetinoerinui  (in  part),   Shumard,  Hall,  White,  MoChesney, 

Meek  and  Worthen  (prior  to  1665). 
8yn.  Uper^erimm.    Meek  and  W-orthen,  1866  (Snbgeaus  of  Bakh 

crinutL    Proe.  Aisad.  Nat  Soi.,  PhUa.,  p.  168. 

The  generic  distinctions  between  Batocrinus  and  AcHnocriniia 
have  been  fully  discussed  in  our  remarks  upon  ActinocrinuSj  bat 
it  remains  yet  to  note  the  somewhat  different  mode  in  which  the 
arms  increase  in  the  two  groups.  We  describe  below  two  new 
species  of  Batocrinu8  and  three  of  Bretmocrinus,  from  which  it 
appears  that  in  these  genera,  and  in  the  Batocrinites  generally^ 
the  increase  of  arms,  from  one  species  to  another,  is  not  gradually, 
by  the  addition  of  a  single  arm  to  each  ray,  as  in  the  case  of 
Actinocrinua,  but  by  duplicating  the  entire  number  of  arms 
throughout  the  species. 

Meek  and  Worthen  in  1866,  in  adopting  BatocrinusHS  a  genus, 
separated  it  into  subgenera,  and  again  subdivided  the  typical 
form  into  two  sections  :  ^^  A,  species  in  which  the  arm  openings 
are  directed  outward ;  B,  in  which  they  are  directed  upwards, 
and  arranged,  more  or  less,  into  groups.*'  The  position  of  these 
openings  had  evidently  no  important  bearing  upon  the  general 
structure  of  the  crinoid,  only  that  in  the  former  the  ambulacral 
passages  entered  horizontally,  in  the  others  obliquely,  and  this 
difference  is  caused  by  the  greater  or  less  degree  of  prominence 
developed  in  the  uppermost  ring  of  radiala. 
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The  name  UperocrinuSy  in  a  subgeneric  sense,  was  proposed  by 
Meek  and  Worthen  for  species  with  a  narrow  calyx,  drawn  out  so 
as  to  form  a  kind  of  handle  for  the  upper  portions,  but  was  given 
up  afterwards. 

Generic  Diagnosia. — General  form  of  body  biturbinate,  wheel- 
ahaped,  or  globose ;  calyx  and  vault  of  a  similar  form,  the  former 
composed  of  smooth,  slightly  convex  to  strongly  nodose  plates, 
scarcely  ever  striated ;  the  dome  consisting  of  convex  or  tuber- 
culous pieces,  with  a  strong,  almost  central  anal  tube.  Symmetry 
of  calyx  bilateral. 

Basals  three,  equal,  not  very  high,  forming  an  extended  rim 
with  a  concavity  for  the  reception  of  the  column.  Primary  radials 
8X5;  the  first  hexagonal  or  heptagonal,  larger  than  the  second 
and  third  combined;  the  second  quadrangular,  linear,  always 
narrower  than  the  first,  but  yet  twice  or  three  times  wider  than 
high,  sometimes  altogether  anchylosed  with  the  third ;  the  third 
pentangular,  short,  the  lower  lateral  sides  abruptly  spreading  and 
giving  a  greater  width  to  the  median  portions,  the  upper  sides 
supporting  the  higher  radials.  Secondary  radials  2  X  10,  very 
wide,  as  large  as  the  primary  ones ;  those  of  the  second  series 
bifurcating.  The  anterior  ray  has  sometimes  but  two  or  three 
arms,  this  is  frequently  accidental,  but  in  some  species  the  rule. 
Tertiary  radials  2  X  2  X  10,  narrower  than  the  secondary, 
supporting  the  arms. 

In  some  species  the  posterior  rays  support  additional  plates  in 
the  body,  but  only  in  the  division  next  to  the  anal  area,  this  side 
sometimes  having  one,  two  or  three  additional  arms,  while  the 
opposite  division  retains  the  usual  number  of  four.  The  upper 
low  of  plates  is  at  the  outer  face  truncated  for  the  reception  of 
the  arms,  their  upper  sides  being  notched  along  the  median 
portions  for  the  arm  passages.  This  notch  is  joined  by  a  similar 
notch  in  the  corresponding  plates  of  the  dome,  which,  combined 
with  the  other,  forms  an  arm  opening  (PI.  19  ,  fig.  2,  and  PI.  18, 
fig.  8) ;  the  opening  is  oval  in  form,  longer  than  wide,  resting 
within  the  centre  of  a  small  coneavit3\  The  part  which  extends 
into  the  vault,  follows  the  lateral  edges  of  a  tertiary  radial  dome 
plate.  The  opposite  side  of  the  radial  is  likewise  excavated  to 
receive  a  respiratory  (?)  pore,  which  is  enclosed  on  the  other  side 
by  an  adjoining  interradial  or  interbrachial  piece.  Hence  the 
two  openings  are  separated  by  the  tertiary  radial  dome  plates, 

d8 
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whose  width  varies  in  different  species,  and  according  to  the 
position  which  the  arm  occupies  within  the  ray  (PI.  18,  fig.  8). 
Whenever  the  respiratory  (?)  pore  is  in  connection  with  the  arms 
of  the  inner  part  of  the  ray,  it  is  placed  closer  to  the  arm  opening 
than  pores  which  are  placed  toward  the  outer  side.  The  respirator}' 
(?)  pores  in  the  Batocrinitea  are  exceptionally  large,  sometimes 
attaining  a  width  equal  to  one-third  that  of  the  arm  opening. 
Their  connection  with  the  inner  cavity  has  been  explained 
elsewhere. 

The  interradials  of  the  calyx  are  not  numerous,  varying  from 
one  to  four  or  five,  but  rarely  exceeding  three.  The  first  very  large, 
polygonal,  nearly  as  large  as  the  primary  radials ;  it  rests  between 
the  upper  edges  of  the  first  radials,  between  the  second,  and 
against  the  lower  sloping  edges  of  the  third,  and  is  followed  by 
two  or  three  very  much  smaller  pieces.  The  anal  area  has  one 
plate  in  line  with  the  first  radials,  of  about  their  size ;  there  are 
three  plates  in  the  second  series,  and  a  few  more  small  pieces 
above.  None  of  the  plates  of  the  interradial  or  anal  series  connect 
with  the  dome,  from  which  the  interradial  area  of  the  calyx  is 
separated  by  the  tertiary  radials,  which  meet  all  around  laterally^. 
There  are  no  interaxillary  plates,  except  in  the  case  of  B,  piano- 
discus  and  occasionally  in  B,  trochiscus^  in  which  the  arm  regions 
are  spread  out  in  width  to  three  times  the  height  of  the  body. 
This  species  has  also  a  greater  number  of  interradials. 

Vault  elevated,  composed  of  comparatively  large  and  heavy 
pieces,  of  nearly  equal  size,  even  the  apical  plates,  with  the  excep- 
tion of  the  central  plate,  being  but  little  larger  than  the  rest.  The 
centre  piece  and  the  proximal  dome  plates  are  much  crowded 
toward  the  anterior  side,  owing  to  the  nearly  central  anal  tube,  of 
which,  on  that  side,  the  large  central  plate  forms  the  base.  The 
tube  is  constructed  of  similar  plates  as  the  vault,  and  very  long, 
sometimes  extending  more  than  twice  the  length  of  the  arms 
beyond  their  tips,  it  is  very  straight  in  all  cases,  and  tapers 
gradually  almost  to  a  point,  with  a  narrow  passage  at  the  upper 
end. 

Arms  from  eighteen  to  twenty-six,  or  thirtj^-six  to  forty,  either 
in  pairs  or  single  from  each  arm  opening,  round,  very  short,  of 
medium  size  and  equal  width  throughout  their  length.  From  the 
body  up,  they  are  composed  of  two  series  of  alternate  pieces,  and 
in  species  which  have  the  double  arm  structure,  the  first  of  these 
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joints,  without  increasing  in  height,  gives  off,  in  place  of  the  first 
pinnule  in  the  other  species,  a  second  arm,  which  passes  into  the 
iMune  arm  opening  as  its  companion.  Pinnules  composed  of 
slender  joints,  closely  attached  laterally,  their  sides  flattened, 
their  depth  greater  than  their  width,  with  a  deep  ventral  furrow 
covered  by  small  plates. 

Column  round,  composed  of  rather  large  joints  with  more  or 
less  angular  edges ;  perforation  of  moderate  size,  pentangular. 

Geological  Position^  etc. — Batocrinus  is  strictly  a  Subcarbon- 
iferous  form.  It  is  exclusively  an  American  genus,  and  embraces 
the  last  survivors  of  the  Actinocrinidae. 

We  place  here  the  following  species : — 

*1S60.  Batoeriniif    sqnibraohlatuf    MoCheiney.      (Aotiaoor.    sqvlbraohiatiis) 

New  Pal.  Fobs.,  p.   25:  a1«o  Cbieago  Aoad.  Sei ,  1807,  p.  18;  Meek  and 

Worthen,  1873,  Batoor.  sq^ibraohiatm,  Geol.  Rep.  111.,  r,  p.  368.    Upper 

Burlington  limest.    Burlington,  Iowa. 
Syn.  AeUaoer.  aitoriaeua  Meek  and  Worthen,  1860.    Proe.  Acad.  Nat.  Sei. 

Phila.,  p.  385:    also  1866,  Oeol.  Rep.  III.,  ii,  p.  207,  PI.  15,  figs.  8  a,  b,  c; 

alto  1873,  Batoer.  aitoriieiis,  Ibid.,  t,  p.  368. 
Syn.  Aotiaoer.  sqnibraohiatiia  var.  alatus  Hall.    Desc.   New  Spec.  Grin., 

1861 ;  also  Bost.  Jonm.  Nat.  Hist.,  p.  263,  Photogr.  PI.  3,  figs.  21-23. 
1858.  Batoer.  sqnalii  Hall.    (Aetiaoer.  sqnalis)    Geol.  Rep.  Iowa,  i,  pt.  ii,  p. 

592,  PI.  11,  figs.  4  a,  b;  Meek  and  Worthen,  1873,  Batocr.  squalls,  Geol. 

Rep.  III.,  T,  p.  367.     Lower  Burlington  limest.     Burlington,  Iowa. 
Syn,  Aetinoer.  doril   Hall,  1861.     Desc.  New  Sp.  Grin.,  p.  15;  Meek  and 

Worthen,  1873,  Batoor.  doris,  Geol.  Rep.  111.,  v,  p.  367. 
*1860.  Batoer.  aadrtwsianiis  McGhesnej.     (Aotinoor.  andrtwsUnus)  New  Pal. 

Foss.,  p.  27 ;  also  1867,  Chicago  Acad.  Nat.  Sci.,  p.  20,  PI.  5,  fig.  5.     Upper 

Burlington  limest.     Burlington,  Iowa. 
1858.  Batoer.  bitnrbinatns  Hall.    (Aotinoor.  biturbinatns)  Geol.   Rep.  Iowa,  i. 

pt.  ii,  p.  616,  PI.  16,  figs.  5,  6,  a,  b,  e:  Meek  and  Worthen,  Geol.  Rep.  111.,  v, 

p.  867.    Keokuk  limest.     Illinois  and  Iowa. 
1860.  Batoer.  ealyeulni  Hall.    (Aotiaoer.  oalyoulns)  Supp.  Geol.  Rep.  Iowa,  p. 

55,  PI.  1,  figs.  12  a,  b,  c;  Meek  and  Wor'h.,  1873,  Batoer.  ealyouliis,  Geol. 

Rep.  m.,  T,  p.  367.     Warsaw  limest.    Spurgeon  Hills,  In4< 
Syn.  Batoer.  oalyoulua  var.  hardinoBSii  Meek  and  Worth.,  1866.     Proc. 

Aoad.  Nat.  Sci.  Phila.,  p.  253. 
We  doubt  that  the  type  specimen  came  from  the  St.  Louis  limest.,  it  would  be 

the  only  example  of  an  Actinocrinoid  being  found  beyond   the  Warsaw 

limest. 
*1860.  Batoer.  Caroli  Hall.   (Aotinoor.  Caroli)   Supp.  G*^!.  Rep.  Iowa,  p.  54,  PI.  1, 

fig.  11.    Warsaw  limest.     Warsaw,  HI. 
1869.  BatOOTw  Caiiodayaniis  Meek  and  Worth.     Proc.  Aoad.  Nat.  Sci.  Phila ,  p. 

853;  Geol.  Rep.  III.,  v,  p.  370,  PI.  5.  fig.  1.     Lower  Burlingt<in  limest.     Bur- 
lington, Iowa. 
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1856.  Batoer.  Cliriltyi  ShtUn.  (not  Hall,  1803  x=  Peritekoer.  CfkrUiyi.)  Fignrad  in 
Chrifltj's  letters  ob  Geol.,  Pi.  1,  llgs.  1,  2;  ShnmArd,  Aetiaoer.  ChliMtji, 
G«ol.  Hep.  MlMOttrl  by  Swallow,  pi.  ii,  p.  191,  PI.  A,  fig.  8 ;  Meek  and  Wortti., 
1878,  l^totr.  OltfUtyi,  G«ol.  R^.  lU.,  r,  p.  807,  PI.  t,  flgi.  4  a,  % ;  WiafciH 
and  Spr.,  1878,  Pioe.  Aoad.  Nat  SoL  Pbila.,  p.  231.  Upper  Barli«flaii 
limeet.    Burlington,  Iowa. 

1B0O.  3atoer.  olypeatm  Hall.    (Aetiiioer.  olypaatu)    Snpp.  Oeol.  Rep.  Iowa,  p. 
12,  PI.  8,  fig.  12;  Meek  and  Worth.,  1807,  "Bfttoer.  djrpattm,  QeoLRvp. 
BL,  ii,  p.  1(0.    L<yw«r  Burlington  limest.    Barllagton,  Iowa 
S]fm.  AotUioor.  inomatni  Hall,  1800.    Snpp.  QeoL  Rep.  Iowa,  p.  24;  Maak 

and  Worth.,  Batoer.  inomatuf,  OeoL  Rep.  Dl.,  t,  p.  307. 
9^.  AetiAoor.  papillatai  Hall,  1800.    Snpp.  Geol.  Rep.  Iowa,  p.  29,  Pi.  8, 
igv.  10, 11 ;  Moek  and  Wovtk.,  Batoor.  papUIattti,  Geol.  Rep.  ni.,  r,  p.  967. 

1858.  Batoer.  diaooidtvs  Hall.    (A«tbMer.  dintlAMi)    GeoL  Rep.  Iowa,  i,  pt.  li, 
p.  694 ;  Meek  and  Worth.,  1807,  AotiBOar.  (BatMT.)  diMoUbll,  OeoL  R»p. 
HI.,  ii,  p.  150,  and  1873,  Batocr.  Aiiooidoni,  Ib!d.,  t,  p.  807.    Lower  Bur- 
lington limeft.    Burlington,  Iowa, 
^yn.  AotiBoer.  fdrmotUf  Hall,  1800.    Supp.  Geol.  Rep.  Iowa,  p.  80 ;  Meek 

and  Worth.,  1873,  Batoer.  formoiue,  Geol.  Rep.  HL,  t,  p.  307. 
S^n,  Aotiaoer.  lubsqualit  MoCheeney,  1800.    Deeo.  Pal.  Fom.,  p.  17;  alio 
1807,  Chicago  Aead.  Nat.  Soi.,  p.  13,  PI.  6,  fig.  7 ;  Meek  and  Worth.,  BatOOr. 
•vbfliqualit,  Oeol.  Rep.  111.,  t,  p.  307. 

1801.  Batoer.  dodoeadaotyliii  Meek  and  Worth.  (Aotiaoer.  dodoeadaetylvf)  Proo. 
Aead.  NaL  Sei.  Pbila.,  p.  181,  and  1800,  Batoer.  dodoeadattylvg,  Geol. 
Rep.  UL,  ii,  p.  206,  PI.  15,  figt.  3  a,  b,  o,  and  Ibid.,  ▼,  p.  308.  Upper  Bur- 
lington limest.  Burlington,  Iowa. 
This  species  forms  an  oKoeption  to  the  rule  in  having  apparently  only  twelre 
arms.  It  may  possibly  be  a  young  B.  rotuidaf ,  and  that  some  of  the  arms 
branch  off  in  the  free  state. 

*180O.  Batoer.  eaoomia  Meek  and  Worth.  ^Aetinoor.— AUoproMlloer.— oaooAVf) 
Proe.  Aoad.  Nat  Sci.  Pbila.,  p.  104,  changed  in  1873  to  BatoorUmf  (AU^ 
prosalloeriaui  eaoo&Ui),  Geol.  Rep.  HI.,  t,  p.  808.  War#aw  limest  Spur- 
geon  Hills,  Ind. 

1800.  Batoer.  Hagori  MoChesney.  (Aetinoer.  Hagori)  New  Pal.  Foss.,  p.  28;  alio 
1807,  Chicago  Acad.  Nat.  Sot.,  p.  21,  Pi.  4,  fig.  1 ;  Meek  and  Worth ,  1878, 
Batoer.  Hagori,  Geol.  Rep.  111.,  v,  p.  307.  Upper  Burlington  limest  Bur- 
lington, Iowa. 

1854.  Batoer.  ieoiidaetylui  Cuseday.  (Type  of  the  genus.)  Deutsche  Geol. 
Gesellsohafir,  ri,  p.  238 ;  Meek  and  Worth.,  1807,  Aetiaoer.  (BatOtr.)  ieOii« 
daetylui,  Geol.  Rep.  111.,  t,  307.    Warsaw  limest.    Spurgeon  Hills,  Ind. 

*1859.  Batoer.  ladiaassatii  Lyon  and  Cass.  (Aetiaoer.  ladiaasiaaia)  Am.  Joum. 
Soi.  and  Arts,  vol.  29,  p.  75 ;  Meek  and  Worth.,  1873,  Aetiaoer.  ladiaa- 
«aaia,  Geol.  R^p.  III.,  T,  p.  341.    Keokuk  limest.    Crawfurdsrille,  Ind. 

1854.  Batoer.  irrogaUrie  Casseday.  Deutsche  Geol.  Gesellschaft,  rt,  p.  238;  Meek 
and  Worthen,  1807,  Geol.  Rep.  111.,  ii,  p.  160;  also  1873.  Ibid.,  t,  p.  M7. 
Warsaw  limest    Spurgeon  Hills,  Ind. 

1800.  Batoer.  lagaaoalao  Hall.  (Aetiaoer.  lagaaoalai)  Supp.  Geol.  Rep.  loma, 
p.  41 ;  Meek  and^orth.,  Batoer*  lagaaoalai,  Geol.  Rep.  111.,  t,  807.  Keo- 
kuk limest     Iowa  and  Illinois. 
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*1861.  Batoor.  Unra  Hall  (Aotiaoor.  Unra).  Deser.  New  8p.  Crin.,  p.  15.  Upper 
Baiiingion  limest.    Barlingtoo,  lowi. 

IMI.  Batoer.  Upidni  Hall  (AoUnoer.  lepiduf).  Snpp.  Geol.  Bep.  Iowa,  p.  32 ; 
Meek  and  Worh.  BaUer.  lepidufi  Geol.  Bep.  HI.,  t,  p.  867.  Lower  Bur- 
lington limest.    Burlington,  Iowa. 

1858.  (?).  Bitoer.  longlrostrii  Hall.  (AoUnoor.  losgirostrii)  Geol.  Bep.  Iowa,  i, 
pt  ii,  p.  589,  PI,  11,  figi.  2,  4  c,  d;  Meek  and  Worth.,  Batper.  loxigirostris, 
Geol.  Bep.  ni.,  T,  p.  867.  Lower  Burl,  limeit.  Burlington,  Iowa.  ThisspeoieB 
shows  a  marked  departure  fh>m  the  oharacters  of  the  genus  and  its  referenoe 
is  not  without  doubt. 

1868.  B^toar.  maadaliii  Hall.    (Aetinoor  mimdiiliif)  Supp.  Geol.  Bep.  Iowa,  p.  39 ; 

Meek  and  Worth.,  BaUer.  mimdlllaf,  Geol.  Bep.  111.,  t,  p.  867.     Keokuk 

limest.    Keokuk,  Iowa. 
18A0.  Batoer.  VaihTilla  Troost.    (Aotinoer.  VathTilla)  Cat.  Crin.  Tenn.  (Proc. 

Am.  Assoe.  for  Advano.  of  Sci.,  p.  60);  Hall,  M58,  Geol.  Bep.  Iowa,  i,  pt.  ii, 

p.  609,  PI.  15,  flg.  4,  and  PI.  16,  flgs.  4  a,  b  ;  Waohsm.  and  Spr.  1878,  Proc. 

Acad.  Nat.  Sci.  Phila.,  p.  234 ;  Meek  ani  Worth.,  Batoer.  VaahvllUB,  Geol. 

Bep.  111.,  T,  p.  868.    Keokuk  limest.     Iowa,  Illinois,  Missouri,  Tennessee  and 

Kentucky. 
Var.  iiibtraetiii  White.    (Aotinoer.  VaihTilla  var.  sabtraotne),  Proc.  Bost. 

Soc.  Nat.  Hist.,  ix,  p.  16.    Upper  Burlington  limest.  and  Keokuk  Transition 

beds, 
1865.  Batoer.  pUtilllformii  Meek  and  Worth.  (Batoor.—Uporoor.— pUtilliformii), 

Proc.  Acad.  Nat.  Sci.   Phila.,  p.  158;  also  1866,  Aotiaoer.   (Batocr.   C. 

Vporoer  )  pistilliformii,  Geol.  Bep.  111.,  ii,  p.  151,  PI.  H,  flg.  8;  Ibid.,  1873, 

T,  p.  367.    The  original  is  said  to  be  obtained  from  the  Kinderhook  gr.  of 

Marion  Co.,  III.,  but  more  probably  from  the  Burlington  limest.,  and  that  it  is 

a  Swn.  of  B.  pyriformis. 
Sgn.  Aotiaoer.  pjrrifbrmii  var.  m^  Meek  and  Worth.  Proc.  Acad.  Nat.  Sci. 

Phila.  (not  A.  mdii  Hall,  1860). 
1865.  Batoor.  ^tUlni  Meek  and  Worth.    (Aotiaoor.— Uporoer.—pUtiUof)  Proc. 

Acad.  Nat.  Sci.  Phila.,  p.  153;  also  1868,  Aotinoer. — Batoer. — ^pistillns. 

Geol.  Bep.  111.,  iii,  p.  472,  PI.  16,  flgs.  4  a,  b;   1878,  Batoer.  pistillns. 

Ibid.,  T,  p.  367.  Upper  Burl.  lime«t.    Burlington,  Iowa. 
1860.    Batoor.  planodiions  Hall.    (Aotinoer.  planodiiene)  Supp.  Geol.  Bep.  Iowa, 

p.  45 ;  Meek  snd  Worth.,  1873,  Batoer.  planodiions,  Geol.  Rep.  111.,  v,  p.  367; 

Wachsm.  and  Spr.,   1878^  Proc.  Acad.  Nat.  Soi.  PbiU.,  p.  233.     Keokuk 

and  Burlington  Transition  bed  and  Lower  Keokuk  limest.  Nauvoo,  III.,  and 

Keokuk  rapids. 
1865,  Batoer.  pyriformii  Sbumard  (Aotinoer.  pyriformio,  not  Ad.  Boemer,  1866). 

Geol.  Rep.  Missouri  by  Swallow,  pt.  ii,  p.  192,  PI  A,  flgs.  6  a,  b ;  Meek  and 

Worth.,  1865,  Aotinoer.— Uporoor.—pyrifonnis.    Proc  Acad.  Nat.  Sci. 

Phila.,  p.  153;  also  1873  (Batoor.  pjriitorfliis).    Geol.  Rep.  111.,  v,  p.  376, 

PL  5,  fig.  5,  and  Ibid.,  it,  p.  150 ;  Waohsm.  and  Spr.,  1878,  Proe.  Acad.  Nat. 

Sci.  Phila.,  p.  233.    Upper  Burlington  limest.    Burlington,  Iowa,  and  lUi. 

nois  and  Missouri. 

1869.  Batotr.  qnaeillns  Meek  and  Worthen.    Proc.  Acad.  Nat.  Sci.  Phila.,  p.  362 ; 

also  Geol.  Bep.  HI.,  r,  p.  369  PI.  5,  fig.  2.    Lower  Burlington  limait.    Bur- 
UagtoBy  Iowa. 
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1856.  Batoer.  rotnvdai  Tandell  and  Sham.  ( Figured  iu  Christy's  letten  on  Geologj, 

1848,  fts  Actinoerimitet),    Yand.  and  Shum.,  Geol.  Rep.  Missouri  by  Swallow, 

pi.  ii,  p.  191,  PI.  A,  figs.  2  a,  b;  Meek  and  Worth.,  1873,  BaUer.  rotoadvf. 

Oool.  Rep.  111.,  Y,  p.  307.    The  leading  fossil  of  the  Upper  Burlington  limest. 

Boone  and  Marion  Cos.,  Mo.,  Quincj  and  Oquaka,  111.,  Burlington,  Iowa. 

This  is  a  somewhat  variable  species ;  it  sometimes  has  a  good  sised  anal  tabe, 

while  in  other  oases  this  seems  to  be  modified  into  a  simple  rault  opening ; 

the  number  of  arms  yarles  from  eighteen  to  twenty-two. 
S^H,  Aotinoer.  obUtui  Hall.    Supp.  Geol.  Rep.  Iowa,  p.  38.    (Thia  species 

differs  only  in  hariog  twenty-two  arms). 
1860.  Batocr.  similis  Hall.    (Aotinoer.  similii )  Supp.  Geol.  Rep.  Iowa, p.  40;  Meek 

and  Worth.,  1873,  Batoor.  similit,  Geol.  Rep.  111.,  r,  p.  367.   Keokuk  limeit. 

Iowa  and  Illinois. 
Syn.  Aotinoer.  olaTigomf  Hall,  I860.    Supp.  Geol.  Rep.  Iowa,  p.  44 ;  Meek 

and  Worth.,  1867,  Batoor.  olaTigomi,    Geol.  Rep.  111.,  ▼,  p.  367. 
1860.  Batoor.  sinnoins  Hall.    (Aotinoer.  linuoiiif)  Supp.  Geol.  Rep.  Iowa,  p.  27, 

Photogr.  PI.  3,  figs.  8.  0 ;  Meek  and  Worth.,  1873,  Batoor.  sinooini.    Geol. 

Rep.  III.,  T,  p.  368.     Upper  Burlington  limest.    Burlington,  Iowa. 
*1860.  Batoor.  steropoi  Hall.    (Aotinoer.  steropoi)  Supp.  Geol.  Rep.  Iowa,  p.  43. 

Keokuk  limest.     Keokuk,  Iowa. 
1860.  Batoor.  troohifooo  Meek  and  Worth.    Proo.  Acad.  Nat.  Sci.  Philad.,  p.  .154; 

Geol.  Rep.  111.,  y,  p.  372,  PI.  5,  fig.  6.     Burlington  and  Keokuk  Transition 

Bed.     Iowa  and  111.    (A  more  mature  stage  of  B.  Ckrifltyi). 
1868.  Batoor  turbinatoo  Hall.    (Aotinoer.  tnrbinatna)  Geol.  Rep.  Iowa,  i,  pt.  !i, 

p.  687,  PI.  11,  fig.  1 ;  Meek  and  Worth.,  1873,  Batoor.  tnrbinatai,  GeoL  Rep. 

III.,  V,  p.  367.    Lower  Burlington  limest.    Burlington,  Iowa.    Syn.  Batoor. 

tnrbinatns,  Tar.olo|r*ns  Halk    Geol.  Rep.  Iowa,  i,  pt.  ii,  p.  588,  PI.  11, 

fig.  6. 
*i867.  Batoor.  Tandolli  Shumard.    (Aotinoer.  Tandolli)  Trans.  St.  Louis,  Aead.  I, 

p.  0,  PI.  1,  figs.  4  a,  b;  Meek  and  Worth.  (Aotinoer.  Sect.  A.),  Geol.  Rep. 

III.,  y,  p.  341.    Keokuk  limest.    Bottom  mould  Knob,  Jefferson  Co.,  Ky. 
*1880.  Batoor.  Wao%imnthi  White.    (Aotinoer.  Waohsmnthi,  not  A.  Waehimnthi, 

1862  M  Aotinoer.  ioitnlao).     Author's  Edit  from  the  12th  Annual  Rep.  of 

U.  6.  Geol.  Sunr.  by  Hayden,  p.  162,  PI.  40,  figs.  I  a,  b ;  GeoL  Rep.  Ind. 

for  1879-80,  p.  142,  PI.  7,  fig.  6.     Keokuk  limest.    CrtwfordsTille,  Ind. 

We  add  the  followiDg  new  species : — 

Batoorinuf  LoToi,  Waohsm.  and  Spr. 

Form  of  body  wheel-shaped,  as  wide  as  high,  running  nearly  to 
a  point  at  each  pole.  Plates  of  the  calyx  smooth,  without  orna- 
mentation, those  of  the  dome  convex.  Basals  forming  a  conical 
cup,  slightly  truncate  below.  Badials  3X5;  the  first  larger  than 
both  the  others  combined;  second  twice  as  wide  as  high;  the 
third  with  obtuse  upper  angles.  There  are  two  rows  of  two  plates 
in  the  two  succeeding  orders,  those  of  the  third  order  larger  than 
those  of  the  second,  and  the  outer  plates  wider  than  the  inner 
ones.    Each  ray  has  four  arm  openings— except  the  anterior  which 
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has  but  two — ^the  outer  ones  of  the  ra}',  and  those  between  the 
main  divisions  are  placed  a  little  farther  apart,  but  are  not 
separated  by  any  sinus.  Each  opening  gives  off  a  single  arm, 
which  is  short,  and  A*om  the  base  up  composed  of  two  series  of 
plates.  Near  each  arm  opening,  there  is  a  conspicuous  respira- 
tory (?)  pore,  which  like  the  arm  oi)ening  is  directed  laterally. 

Interradials  two  to  three,  the  first  large ;  anals  one,  three  and 
three.  Vault  lower  by  one-third  to  one-half  than  the  calyx; 
apical  dome  platel  somewhat  prominent ;  interradial  spaces  a  little 
depressed.  Ventral  tube  perfectly  central,  extending  far  beyond 
the  tips  of  the  arms.    Column  comparatifely  slender. 

This  species  agrees  in  every  particular  with  B.  Christyi,  except 
it  generally  is  smaller,  and  it  has  a  single  arm  in  place  of  two 
from  each  arm  opening.  It  also  differs  in  the  more  depressed 
form  of  the  vault,  and  in  being  found  only  at  the  base  of  the 
Upper  Burlington  limestone ;  while  B.  Christyi  struggles  through 
to  the  Burlington  and  Keokuk  Transition  beds. 

Locality  and  Position. — Base  of  Upper  Burlington  limest.  Sub- 
carb.     Burlington,  Iowa. 

This  species  is  named  in  honor  of  Mr.  James  Love  of  Burling- 
ton, an  excellent  collector,  and  an  ardent  lover  of  Crinoids. 

'Bttoeriniii  Whiioi  Waeham.  and  Rpr.,  d.  rp. 

Body  small,  globose,  a  little  wider  than  high,  height  of  calyx 
and  dome  equal,  both  with  convex  sides ;  the  arm  bases  slightly 
projecting.  Surface  of  plates  ornamented,  the  median  line  of  all 
radials  up  to  the  arm  bases  marked  by  a  ridge ;  other  less  dis- 
tinct elevations  diverge  from  the  centre  of  the  first  interradial 
plates,  which  continue  to  the  radials,  but  without  uniting  with  the 
radial  ridges. 

Base  short,  truncate,  forming  an  elevated  ring  around  the 
column.  First  primary  radial  almost  as  large  as  second  and  third 
together  and  considerably  wider,  the  upper  sloping  sides  com- 
paratively long ;  the  second  fully  as  high  as  the  third  and  nearly 
as  wide. 

Secondary  radials  2  X  10,  the  upper  largest,  with  two  shorter 
pieces  in  the  next  order,  making  four  arm  oi)enings  in  four  of  the 
rays,  the  anterior  ray  has  no  tertiary  radials  and  only  two  open- 
ings in  all.  Each  arm  opening  supports  a  single  arm,  which,  from 
the  second  plate  up,  is  constructed  of  two  series  of  pieces  alter- 
nately arranged.    Arms  nearly  round,  of  medium  thickness  and 
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length,  gradually  tapering  to  their  tips.  Pinnules  very  long, 
composed  of  joints  three  times  longer  than  wide,  and  perfectly 
smooth.  Interradials  two  to  three,  the  first  much  larger  tlian  all 
others  combined,  and  fully  as  large  as  the  first  radials.  Anal  area 
composed  of  one,  three  and  two  pieces,  with  a  depression  between 
the  arm  bases.  Yault  constructed  of  tuberculous  pieces  of  nearly 
equal  size.  Anal  tube  long,  extended  beyond  the  arms,  con- 
structed of  convex  plates,  which  are  interspersed  ail  the  way  up 
to  the  top,  with  strongly  nodose  or  slightly  spiniferous  pieces. 
Column  slender,  composed  of  alternately  larger  and  smaller  joints, 
the  larger  ones  with  rounded  edges. 

This  species  is  interesting  for  its  close  affinities  with  B.  Indi- 
anasnsis  from  Crawfordsville,  with  which  it  agrees  in  all  points 
except  that  B.  Whitei  is  smaller  by  one-half,  and  has  a  single  arm 
proceeding  fh)m  each  arm  opening;  while  B.  Indianrnnsi^  has 
always  two  as  in  the  case  of  B.  Lavet  and  B.  Chrisfyi. 

We  take  pleasure  in  naming  this  species  in  honor  of  Dr.  C.  A. 
White  of  the  Nationid  Museum,  to  whom  we  are  indebted  for 
man}'  favors. 

Geological  Positiorij  etc. — This  species  occurs  in  considerable 
quantities  at  Bono,  Ind.,  but  is  rare  at  Canton  and  Edwardsville, 
Ind. ;  it  is  found  in  shaly  layers,  probably  equivalent  to  the  lower 
\ya.Tt  of  the  Keokuk  group. 

23.  BBBTMOCBUnrS  Lyon  and  CMseday. 

1859.  Lyon  and  Cass.  Am.  Joom.  Sci.  and  Arts  (ser.  2),  vol.  28,  p.  241. 
1866.  Shumard.  (Subgen.  (?)  o£  Actinoer.)  Cat.  Pal.  Foss.,  pt.  i,  p.  369. 
1869.  Meek  and  Worthen.    (Subgen.  of  Batocr,)  Proo.  Acad.  Nat.  Sci. 

Phila.,  p.  850. 
1873.  Meek  and  Worth.  (Subgen.  of  Batoer.)  Geol.  Rep.  III.,  v,  p.  368. 

1878.  Wachsm.  and  Spr.    Proc.  Acad.  Nat  Sci.  Phila.,  p.  285. 

1879.  Zittel.    (Subgen.  of  AcHnoer,)  Handb.  d.  Palsaont.,  p.  870. 
Syn.  Actinocrinui  (in  part),  Hall,  1861.    Boat*  Joum.  Nat.  Hist. 

Lyon  and  Casseday's  description  of  this  genus  was  not  very 
satisfactory  and  partly  incorrect,  and  that  is  evidently  the  reason 
why  it  has  never  been  recognized  as  it  should  be.  Hall  ignored 
it  altogether,  Shumard  could  not  distinguish  it  from  ActinocrinuSy 
and  Meek  and  Worthen,  who  adopted  the  name,  placed  it  sub- 
generieally  at  first  under  Actinocrinus^  and  later  under  Batocrinus. 
It  differs  from  the  former  in  almost  the  same  characters  as  BatO' 
crinus,  but  as  distinctly  from  the  latter,  in  the  number  and 
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arrangement  of  the  arms,  in  their  greater  length,  depressed 
spatulate  form ;  also  in  the  form  of  the  oalyx,  the  extended  basal 
ting,  the  preponderance  of  the  dome  portions  over  the  calyx,  the 
excentric  position  of  the  anal  tube,  its  inflated  character,  and  its 
disposition  to  bend  sideways.  We  consider  these  characters 
snflScient  for  a  flill  generic  division,  and  propose  the  following :— » 

Revised  Generic  Diagnons.-^Bodj  small,  biturbinate  or  sub* 
globose ;  calyx  truncate  at  the  base,  composed  of  smooth,  convex 
or  nodose  plates  with  rarely  striations.  Vault  more  or  less  inflated, 
and  exceeding  the  calyx  in  its  dimensions. 

Basals  three,  equal,  formed  into  a  wide  rim,  which  extends  far 
beyond  the  periphery  of  the  column.  Primary  radials  3X5;  the 
first  large,  equal  in  sizQ  to  the  second  and  third  together,  and 
wider  than  either  of  them ;  the  second  quadrangular ;  the  third 
regularly  pentagonal,  sometimes  smaller  than  the  second.  Seo- 
ondary  radials  composed  of  two  seiies  of  plates  each,  and  so  are 
the  tertiary  radials  when  present.  The  plates  of  the  marginal 
row,  those  supporting  the  arms,  form  a  projecting  circlet  around 
the  body,  and  are  laterally  extended ;  they  are  large,  their  outer 
sides  excavated  for  the  reception  of  the  arm  plates,  the  upper  side 
notched  for  the  ambulacral  passages.  At  the  side  of  the  arm 
openings,  which  are  generally  directed  obliquely  toward  the  vault 
and  close  to  the  ann,  there  is  located  a  respiratory  (?)  pore,  which 
is  arranged  like  in  Batocrinus,  and  generally  as  large.  The  arm 
openings  are  arranged  in  groups  of  two,  three,  four,  or  Ave  each, 
with  great  variability  in  the  different  rays.  There  are  from  twelve 
to  twenty-two  arm  openings  in  all,  and  each  one  supports  either  a 
simple  or  a  compound  arm.  The  openings  of  adjacent  ra^'s  are 
placed  farther  apart  than  those  of  the  same  ray,  and  arc  separated 
by  a  small  depression,  which  at  the  posterior  side  of  the  body  is 
considerably  deeper  and  wider. 

Arms  fully  twice  as  long  as  in  Batocrinua,  the  upper  portions 
flattened,  much  wider,  and  folded  inward.  They  are  composed  of 
a  double  series  of  joints,  which  at  the  bottom  rest  upon  one  or 
two  small  cuneate  pieces.  The  succeeding  arm  plates  are  generally 
short,  but  they  become  gradually  longer  as  they  increase  in  width. 
The  lower  portions  of  the  arms  are  round  or  nearly  so,  the 
increase  in  width  beginning  at  one-fourth  to  one-third  their 
height,  when  they  are  gradually  flattened,  spread  out  laterally, 
and  become  broad  and  spatulate,  remaining  thick  and  heavy  along 
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the  middle  line,  growing  thin  toward  the  edges.  In  some  species 
the  arms  become  fully  an  inch  wide,  while  in  others  the  increase 
in  width  is  comparatively  insignificant.  In  some  species,  every 
arm  joint  from  both  sides  is  extended,  in  others  only  every 
second,  third  or  fourth  joint,  while  the  intermediate  ones  remain 
narrow.  In  these  arms  the  wider  joints  appear  in  the  form  of 
lateral  spines,  which  begin  short,  but  gradually  increase  to  a 
considerable  length.  Ambulacral  furrows  deep ;  pinnules  similar 
to  those  of  Batocrinus. 

Interradial  plates  one  to  three,  the  first  large,  extended  to  the 
middle  portions  of  the  third  primary  radials,  the  upper  ones  very 
small.  Anals,  one  in  the  first,  three  in  the  second  series,  with  a 
few  additional  plates  above.    Interaxillaries  none. 

Dome  elevated,  inflated,  generally  larger  than  the  cal^'x,  com- 
posed of  nodose  or  spiniierous  plates;  the  apical  plates  more 
prominent  and  larger ;  the  large  centre  piece  occupying  the  very 
centre  of  the  vault ;  posterior  side  with  a  shallow  depression  filled 
by  small  anal  pieces. 

Anal  tub€  strong,  more  or  less  excentric,  extending  beyond  the 
infolding  arms,  and  frequently  bent  abruptly  to  one  side;  the 
middle  portions  more  or  less  inflated,  top  and  base  of  almost 
equal  width,  the  upper  end  provided  with  a  small  opening. 

Column  round,  composed  of  very  wide  pieces  alternating  with 
much  smaller  ones,  the  former  frequently  with  sharp  edges; 
central  canal  small. 

Geological  Positioriy  etc. — EretmocHnus  occurs  at  the  age  of  the 
Burlington  and  Keokuk  groups,  in  America  only. 

We  recognize  the  following  species : — 

1301.  Xretmoeriaui  attenuatnt  Hall.    (AoUaoer.  matnta  var.  atteoiuta)    Deso. 
New.  Sp.  Grin,  p,  14.     Upper  Barlington  H'l  est     Burlington,  Iowa. 

1800.  Eretmoor.  oaljouloidat  Hall.    (AoUiioor.  oaljouloidM)  Sapp.  Oeol.  Iowa,  p. 

17,  Photogr.  PI.  3,  figs.  2-5;  Meek  and  Worth.,  1873,  Batoor.  (Eretnoer) 
oaljouloidet  Geol.  Rep.  111.,  r,  p.  368.  Upper  Burl.  limest.  Burlington, 
Towa. 

1801.  Xretmoer.  oarioa  Hall.    (Aotinoer.  oftrioa)  Beso.  New.  Sp.  Grin.  p.  10;  Meek 

and  Worth,  1873,  Batoor.  (Xratmoor.)  oariea«  Oeol.  Rep.  lU.,  t,  p.  368. 
Lower  Barlington  limeit.  Burlington,  Iowa. 
1361.  Eretmoor.  olio  Hall.  (Aotinoor.  olio)  Deac.  New.  Sp.  Grin.  p.  1;  alao 
Bolt.  Journ.  Nat.  Hiit.,  p.  262,  Photogr.  PI.  3,  fig.  7 ;  Meek  and  Worth.,  1878, 
Batoor.  (Xrotmoor.)  olio,  Oool.  Rep.  IK.,  r,  p.  3^8.  Lower  Burlington 
limeit.    Burlirgton,  Iowa. 
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1861.  Xratmosr.  elalU  Hall.    (Aotinoor.  oIobIU)    De*o.  New.  Sp.  Crin.,  p.  1 :  alto 

Bolt.  Juurn.  Nat.  Uiit.,  p.  266 ;  Meek  and  Worth.,  1873,  Bratmoor.  (Batoor.) 

ellBlim«  Geol.  Rep.  III.,  v,  p.  368.     Upper  Burlington  limest.     Barlington, 

Iowa. 
1861.  Xratmoer.  eorbulii.    (Aotinoor.  oorHulit)    Dese.  New.  Sp.  Pal.  Crin.  p.  1 : 

alfto  Bout.  Journ.  Nat.  Hint.,  p.  265 ;  Meek  and  Worth  ,  Batoor.— •Xrotmoor.(l) 

— oorbulil,  Geol.  Rep.  III.,  v,p.  368.     Lower  Burlington  liuieit.    Burlington, 

Iowa. 
*18(M)  Xrotmoor.  eoroiutaf  Hall.    (Aotinoor.  ooronatni)    Supp.  (iool.  Rep.  Iowa, 

p.  28,  Photogr.  PI.  3,  figa.  1-2.     Lower  Burlington  limoKL     Burlington,  Iowa. 
1S60.  Xrotmoor.  gonuniformia  Hall.    (Aotinoor.  gommiformU)    Supp.  Geol  Rop. 

Iowa,  p.  23,  Photogr.  PI.  3,  fig.  6;  Meek  and  Worth.,  Batoor.—Xrotmoor.d) 

— fommifonnifli  Qeol.  Rep.  III.,  T,p.  368.     Lower  Burlington  limost.     Bur- 
lington, Iowa. 
*1855.  Xrotmoor.  KoninoU  Shamard.    (Aotinoor.  Koninoki)    Geol.  Rep.  MiMouri; 

by  Swallow,  pt.  ii,  p.  194,  PI.  A,  flga.  8  a,  b,  o;  Mtok  and  Worth.,  Batoor. 

Koninoki,  Geol.  Rep.  111.,  r,  p.  367.     Upper  Burlington  limoit.     Burlington, 

Iowa. 
Sjfn,  Aotinoor.  nm»fonnia  MoCheaney,  1860.    New.  Pal.  Fors.  p.  23  ;   Meek 

and  Worth.,  Batoor.— Xrotmoor. (1)—nm«fonnia,  Geol.  Rep.  111.,  v,  p.  368. 
*1861.  Xrotmoor.  lonooiin  Hall.    (Aotinoor.  lonooiia)  Deso.  New.  Pal.  Crin.,  p.  1 ; 

also  Bolt.  Journ.  Nat.  Hiit.,  p.  261.    Lower  Burlington  limcst.    Burlington, 

Iowa. 
1959.  Xrotmoor.  magnifloni  Lyon  and  Oass.    Type  of  the  genus.    Am.  Journ.  Arts 

and  Sci.  (ser.  2),  rol.  28,  Soptbr.,  p.  241 ;    Meek  and  Worth.,  BatOOr.— 

Xrotmoor.— magniflono,  Geol.  Rep.  III.,  r,  p.  368.    Keokuk  limest.   Hardin 

Co.,  Ky. 
1361.  Xrotmoor.  matnta  Hall.    (Aotinoor.  matnta)  Deso.  New.  Sp.  Crin.,  p.  14; 

Meek  and   Worth.,  G.ol.  Rep.  III.,  r,  p.  368.     Upper  Burlington  limest. 

Burlington,  Iowa. 
1869.  Xrotmoor.  noglootno  Meek  and  Worth.     (Batoor.— Xrotmoor.— nogleotno) 

Proo.  Acad.  Nat.  Sci.,  Phila.,  p.  355 ;  Geul.  Rep.  111.,  r,  p.  377,  PI.  5,  fig.  3. 

Lower  Burlington  limest.    Burlington,  Iowa. 
1358.  Xrotmoor.  ramnloono  Hall.    (Aotinoor.  ramnloino)  Geol.  Rep.  Iowa,  i,  pt.  ii, 

p.  615,  PI.  15,  tig.  7 ;  Waohsm.  and  Spr.,  1878.     Proo.  Acad.  Nat.  Sci.,  Phila., 

p.  237.    Burlington  and  Keokuk  Transition  bed,  and  Lower  Keokuk  limest. 

Burlington  and  Augusta,  Iowa,  and  Nauvoo,  III. 
It  is  more  than  probable  that  this  species  is  a  S^n,  of  B.  magnifloni. 
1361.  Xrotmoor.  romibraohiatno  Hall.    (Aotinoor.  romibraohiatno)  Dcsc.  New.  Sp. 

Crin.,  i>.  11,  Photogr.  PI.  3,  fig'.  8-9;  Meok  and  Worth.,  Geol.  Rep.  III., 

T,  p.  368.     Upper  Burlington  limest.    Burlington,  Iowa. 
1355.  Xrotmoor.  Yomonilianni  Shumard.    (Aotinoor.  Yomonilianni)  Geol.  R^p. 

Missouri,  by  Swallow,  Pt.  ii,  p.  193,  PI.  A,  figs.  la,b;  Meek  and  Worth. 

Batoor.— Xrotmoor.— Yomonilianno  Oeul.  Rep.  III.,  v,  p.  368,  PI.  4,  figs. 

3  and  4.  Upper  Burlington  limest.    Burlington,  Iowa,  Illinois  and  Missouri. 
Next  to  Batoor.  rotnndni  this  is  the  most  characteristic  species  of  the  Bur- 

lington  group.     It  does  nut  represent  a  typical  form  of  this  genus,  the  arms 

like  those  of  X.  Koninoki  being  but  little  flattened,  but  its  structure  other 

wise  leares  no  doubt  that  it  belongs  to  Xrotmoorinui. 
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We  further  place  here  the  following  new  species,  which  are 
interesting  as  all  three  are  of  a  similar  type,  and  either  descendants 
from  each  other,  or  closely  related  to  each  other : — 

Xrttmoorinui  origiaariu  n.  ip. 

Body  small,  calyx  and  dome  of  equal  height,  the  former  sub- 
turbinate  with  nearly  straight  sides,  the  vault  somewhat  inflated, 
with  convex  sides.  Radial  plates  covered  with  an  obscure  ridge, 
passing  longitudinally  from  plate  to  plate,  all  other  plates  of  the 
calyx  nearly  or  quite  smooth. 

Basal  cup  low,  truncate  at  the  bottom,  extending  into  a  ring 
which  projects  beyond  the  rather  large  column.  First  radial  as 
large  as  second  and  third  combined ;  the  second  much  shorter, 
quadrangular,  twice  as  wide  as  high ;  the  third  as  large  as  the 
second,  and  but  little  wider,  the  lateral  sides  almost  straight. 
Secondary  radials  consisting  of  two  series  of  plates,  which  are  of 
a  similar  form  as  the  two  upper  primary  radials  but  smaller.  They 
are  followed  in  the  anterior  ray  by  the  arms,  in  the  four  other  rays 
by  tertiary  radials*  In  the  lateral  rays  both  upper  and  secondary 
radials  are  axillary,  and  give  off  2  X  2  tertiary  radials  with  four 
arm  openings,  the  two  postero-lateral  ra^'s  have  three,  of  which  one 
side  only  is  bifurcating,  while  the  other  remains  simple.  Arms 
simple  throughout,  of  medium  length,  the  tips  slightly  spatulate 
and  folded  inward ;  composed  of  rather  high,  somewhat  convex 
Joints,  with  comparatively  strong  pinnules. 

Interradials  three,  the  first  very  large,  with  a  faint  node  in  the 
centre ;  anals  one,  three  and  two.  Dome  composed  of  convex 
plates  ;  annal  tube  unknown,  but  evidently  not  very  large. 

Geological  Position^  etc. — From  the  age  of  the  earlier  Keokuk 
limest.,  near  Bono,  Lawrence  Co.,  Ind.,  where  the  species  occurs 
in  great  quantities.    Collection  of  Chas.  Wachsmuth. 

Xretmoerinui  interaMdiut  n.  ip. 

In  form,  size,  and  ornamentation  resembling  E,  originariuSy 
perhaps  a  little  more  truncate  at  the  basal  portions,  and  the  arm 
bases  more  spreading,  differing,  however,  in  the  arm  structure. 
It  has  normally  six  arms  from  each  posterior,  and  four  from  the 
rest  of  the  rays,  twenty-four  arms  to  the  individual.  The  radial 
portions  of  the  calyx,  in  the  lateral  rays,  are  unchanged,  while 
the  anterior  ray  has  in  addition  2X2  tertiary  radials,  and 
consequently  twice  the  number  of  arms.    In  the  posterior  rays, 
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both  second  tertiary  radials  are  bifurcating,  and  give  to  the  inner 
side  of  the  ray  a  simple  arm,  to  the  outer  2X2  quaternary  radials, 
of  which  each  series  supports  an  arm.  The  plates  of  the  upper 
order  of  radials,  all  around  the  bodj^,  and  frequently  the  last 
axillary  plate  of  the  posterior  rays,  are  not  enclosed  within  the 
body  or  only  partly  so,  thus  remaining  in  a  somewhat  undeveloped 
state,  while  they  are  in  form  and  size  regular  radials.  Compared 
with  B.  originariuBy  the  arms  are  more  crowded,  the  upper 
portions  more  spatulate.  Arm  joints  transversely  angular,  the 
outer  sides  straight  or  very  little  convex.    Vault  unknown. 

Geological  Positiorij  etc. — From  the  same  layer  as  the  preceding 
species,  and  almost  as  common.    Collection  of  Chas.  Wachsmuth. 

Irttmoerinu  adultni  n.  ip. 

Plates  apparently  without  ornamentation.  Calyx  low  basin- 
shaped,  with  a  projecting  rim  along  the  basals.  First  radials  a 
little  shorter  than  second  and  third  together,  but  wider  than  either 
of  them ;  the  third  wider  than  the  second.  The  higher  orders  of 
radials  comparatively  large,  composed  of  two  plates  each,  which 
increase  in  size  upward,  those  forming  the  arm  bases  very  much 
wider,  as  large  or  larger  than  the  first  primary  radials.  Articul- 
ating soar  or  Ikcet  for  the  attachment  of  the  arms  occupying  but 
little  more  than  one-half  to  two-thirds  the  width  of  the  plates, 
somewhat  projecting,  thereby  producing  a  shallow  depression 
between  the  arm  bases,  outer  face  truncate  or  concave.  The  con- 
cavity is  filled  by  three  arm  pieces,  a  central  one  which  is  angular 
aboye,  and  a  shorter  piece  on  each  side  of  it,  the  latter  of  the 
height  of  the  regular  arm  joints  but  narrower.  They  are  followed 
by  a  similar  piece  on  each  side,  and  two  other  pieces  resting 
against  the  sloping  sides  of  the  little  axillary  plate,  alternating 
with  the  former,  and  constituting  the  base  of  two  arms,  which 
firom  the  second  or  third  joint  become  free.  The  species  has 
fourteen  pairs  of  arms,  two  in  the  anterior  ray,  and  three  in  each 
of  the  otiiers.  Arms  long  gradually  flattening  at  midwa^',  upper 
portions  strongly  spatulate  and  folded  inward. 

Interradials  consisting  of  one  large  plate,  succeeded  either  by 
one  or  two  smaller  ones,  or  by  a  single  large,  elongate  piece, 
wedged  in  between  the  plates  of  the  higher  order  of  radials. 
Anals  one,  three,  and  three  plates.  Vault  unknown  ;  anal  tube 
long,  extending  considerably  beyond  the  arms,  of  rather  large  size, 
composed  of  smooth  plates.    E.  adultus  agrees  in  its  double  arm 
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Structure  with  Batocr.  Indianaentia  and  B.  Chrisiyi,  but  has 
spatulate  arms  and  a  very  different  arm  formula.  It  is  of  the 
type  of  Erelmocr,  originarius  with  which  it  is  more  closely 
allied  than  would  appear  at  first  sight.  E.  aduUns  is  larger  and 
especially  broader,  but  this  is  evidently  due  to  the  double  arm 
structure  which  required  those  modifications,  the  differences  are 
similar  to  those  between  Batocr.  Lovei  and  B,  trockiscus. 

Geological  Position,  etc. — Keokuk  limest.  Canton,  and  Ed- 
wardsville,  Ind.    Collection  of  Chas.  Wachsmuth. 

24.    BOBTCBIinJS  Roemer. 

1854.  F.  Roemer.    Archiv  f.  Naturgesch.,  Jahrg.,  xix,  Band  i,  p.  207. 

1855.  F.  Roemer.    Lethtea  Geogn.  (Ausg.  8),  p.  ^9. 

1869.  Meek  and  Worth.    Proc.  Acad.  Nat.  8ci.,  Phila.,  p.  105. 
1873.  Meek  and  Worth.    GeoL  Rep.  111.,  v,  p.  879. 

1879.  Zittel.  (Subgenus  of  Ampharaerinui),  Handb.  d.  Palfeont,  i,  p.  870. 
Syn.  Amphorcierinui  Meek  and  Worth,    (not  Austin),  1806,  Geol. 

Rep.  III.,  ii,  p.  209. 
Syn.  Actinoerinui    iAmphoracr.)    Meek    and  Worth.,  1861,  Proc 

Acad.  Nat.  Sci.,  Phila.,  p.  132. 
Syn.  Sphasroerinui  Meek  and  Worth.,  1865  (not  Roemer,  1851).  Ibid., 

p.  154. 
Syn.  Caloerinui  Meek  and  Worth.,  1865  (not  Ccdiocrinm  White, 
1868).    Ibid.,  p.  278 ;  and  1868,  Geol.  Rep.  III.,  ii,  p.  215. 

Roemer's  t^'pical  species  of  Dorycrinus  is  provided  with  six 
large  spines  at  the  vault,  and  upon  this  peculiarity,  principally, 
the  genus  was  founded.  In  regard  to  this  point  the  genus  must 
be  amended,  as  there  arc  other  species,  evidently  belonging  to  the 
same  group,  which  have  only  a  central  spine,  others  have  three, 
and  still  others  in  place  of  the  spines  a  large  convex  or  nodose 
plate.  There  are,  however,  other  excellent  distinctions  which 
make  Dorycrinus  a  good  genus. 

Neither  Hall,  Shumard,  de  Koninck  and  Lehon,  Pict^t,  nor 
Schultze,  have  recognized  Dorycrinus^  all  referring  the  species  to 
Actinocrinus^  with  which  it  agrees  only  in  the  general  family 
characters,  and  in  having  the  rays  extended  into  lobes.  Dory- 
crinus  inclines  far  more  toward  Batocrinus  and  Eretmocrinus, 
with  which  it  agrees  in  the  general  form  of  its  plates,  and  in  the 
peculiar  double  arm  structure,  which  became  here  a  constant 
character.  It  differs,  however,  >'ery  essentially  in  the  lobed  form 
of  the  body,  its  strongly  expressed  bilateral  symmetry,  in  the 
lateral  position  of  the  anus,  and  in  its  opening  out  directly  through 
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the  body,  as  also  the  shortness  and  delicacy  of  the  arms.  It 
differs  from  Agaricocrinus  and  Amphoracrinus  in  the  form  and 
proportions  of  the  body,  in  the  arrangement  of  the  plates,  and  in 
the  altogether  different  arm  structure. 

We  place  Meek  and  Worthen's  subgenus  Ca/ocnnw^,  which  had 
been  previously  descril)ed,  successively,  under  ActinocrinuSj  Am- 
phoracrinus and  Sphasrocrinuif,  as  a  synonym  under  Dorycrinus^ 
the  only  known  species  being  a  somewhat  aberrant  form,  but  not 
sufficiently  distinct  even  to  make  it  a  subdivision. 

Oeneric  Diagnosis. — Calyx  broadl}''  turbinate  or  subglobose, 
truncate  at  tlie  base,  and  deeply  sinuate  at  the  inteiTadial  spaces, 
the  sinus  at  the  posterior  side  much  deeper  and  wider,  and 
extending  up  to  the  vault,  thereby  giving  to  the  body  a  decidedly 
pentalobate  aspect,  with  a  strongly  expressed  bilateral  symmetry-. 
Dome  from  one-fourth  to  one-half  the  height  of  the  body,  strongly 
convex,  composed  of  comparativel}'^  few  and  large  plates,  fre- 
quentl3'  armed  with  one  to  six  spines.  Plates  sometimes  cor- 
rugated, but  not  striated,  and  all  more  or  less  convex  or  nodose. 

Basals  three,  equal,  short,  in  the  typical  forms  of  the  genus 
abruptly  spreading,  the  lower  exterior  margins  extending  almo&t 
at  right  angles  to  the  axis  of  the  fossil;  deeply  sinuate  at 
the  sutures,  but  sometimes  forming  a  continuous  ring.  Primary 
radials  3X5;  the  first  as  large  or  larger  than  the  second  and 
third  together;  the  second  much  narrower  than  the  first,  but 
wider  than  high,  quadrangular  in  outline,  although  sometimes  (in 
the  same  specimen)  pentagonal  or  hexagontvlj  owing  to  the  position 
of  the  second  series  of  in  terradials,  upper  and  lower  sides  parallel; 
the  third  more  or  less  pentagonal,  wider  than  high,  wider  in  rays 
with  three  or  four  arm  bases  than  with  two.  The  third  radial,  in 
rays  with  only  two  arm  openings,  with  2X2  secondary  radials, 
which  support  the  arms,  but  in  rays  with  three  or  four  openings, 
and  consequently  with  tertiary  radials,  the  secondary  radials 
consist  of  a  single  series  of  plates,  of  which  one  or  both  are  axillary. 
In  the  latter  case,  the  plate  gives  off  1  X  2  arm-bearing  plates,  in 
the  former  another  row  of  secondary  radials,  which  support  the 
arms.  The  arm  bearing  plates,  all  around  the  body,  are  project- 
ing, rounded  toward  their  sides,  and  separated  by  a  deep  lateral 
depression  or  sinus,  which  is  deeper  and  wider  between  the  main 
divisions  of  the  ray,  and  which  at  the  space  between  the  rays 
forms  a  wide  ami   deep  gap.     Dorycrinus  has  variously  from 
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twelve  to  twent3^  arm  openings  to  the  species,  and  twice  that 
namber  of  arms,  two  to  each  opening,  given  off  in  a  similar 
manner  as  in  some  species  of  Batocrinus  and  Eretmocrinus.  The 
arm  openings  are  unequally  divided  among  the  rays,  only  species 
with  twenty  openings  having  four  to  each  ray.  In  species  with  a 
less  number,  the  posterior  rays  are  stronger,  and  have  always  four 
openings,  except  when  there  are  only  twelve  openings  in  alL  The 
anterior  ray  is  generally  stronger,  or  has  at  least  as  many  arms  as 
the  antero-lateral  rays,  which,  as  a  rule,  are  the  least  developed, 
and  in  most  species  have  but  two  pairs  of  arms.  Slight  varia- 
tions in  the  arm  formula  of  the  same  species  occur  frequently  in 
this  genus.     Respiratory  (?)  pores  close  to  the  arm  openings. 

Interradials  two  or  three,  rarely  more,  in  two  series ;  the  first 
very  large,  frequently  but  not  always  extending  to  the  third 
primary  radials ;  the  plates  of  the  upper  series  small,  placed  within 
the  sinus  between  the  rays,  and  hence  are  connecting  with  the 
interradial  dome  plates.  Anal  area  constructed  very  differently 
from  the  interradial,  coibposed  of  a  large  plate  in  line  with  the 
first  radials,  but  higher  than  those,  with  the  upper  sloping  sides 
longer.  There  are  three  plates  in  the  second  series,  the  middle 
one  larger  with  truncate  upper  side,  succeeded  by  a  row  of  two 
to  four  similar  plates,  which  form  a  longitudinal  line,  often 
elevated  into  a  ridge  up  to  the  anal  aperture.  The  opening  is 
surrounded  by  one  or  two  rows  of  plates,  which  at  the  upper  side 
lean  against  the  central  dome  piece.  It  is  a  simple  aperture 
penetrating  a  somewhat  thickened  protuberance,  and  nearly 
always  situated  and  directed  laterally.    No  interaxillary  plates. 

Dome  elevated,  inflated,  occasionally  a  little  depressed  toward 
the  middle.  Plates  large,  centre  plate  and  the  first  five  radial 
pieces  larger  tlian  the  proximal  dome  pieces,  and  frequently 
extended  into  spines,  which  in  some  extreme  cases  attain  a  length 
of  three  to  four  inches.  There  are  other  species  with  only  a 
central  spine,  and  still  others  in  which  the  respective  plates 
are  only  larger  or  more  convex.  The  proximal  plates  connect 
with  the  centre  piece,  they  are  very  regularly  arranged  and 
readily  recognized,  but  otherwise  not  distinct  from  the  rest  of  the 
vault  pieces. 

Column  round,  not  strong,  and  composed  alternately  of  much 
larger  and  smaller  segments ;  central  canal  small. 

Oeological  Position ,  etc, — Dorycrinus  is  in  America  a  strictly 
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Lower  Subcarboniferous  genus ;  the  only  species  so  far  recognized 
in  Europe  has  been  found  in  the  Devonian  of  the  Elfel. 
The  following  is  a  list  of  the  known  species : — 

1969.  BDry.rlBQI  OUUditoUtlll   Meek  and  Wortb.     Proo.  Aoiul.  N*t.  Soi.  Phi!a , 

p.  16A;  Oeol.  Rep.  IW.,  y,  p.  361,  PI.  8,  fig.  4.     Lower  BurHogton  limest. 

Bsrilngton,  Iowa. 
*1M1.  S^ryer.  ooaoaTiit  Meek  and  Wortb.    (Aotiaoer.  toaoavmf)  Pror.  Aead.  Nat. 

6oi.  PhiU.,  p.  181 ;   Spterotr.  OOBMTUt  Meek  and  Worth.,  1865,  Ibid.,  p. 

164;  CoBloor.  ooaoafai  Meek  and  Wortb.,  1805  (Dec.),  Ibid.,  p.  S78;  also 

Gcol.  Rep.  111.,  ii,  p.  215,  PL  16,  figs.  10  a,  b,  o.    Lower  B«rliiig*oii  liraeBt. 

Barliagtoo,  Iowa. 
18^.  Strjer.  MraigerM  Hall.    (Aotlaoor.  eoniigermt,  oot  A.  oonigenit  Lyon 

and  Casseday)  Geol.  Rep.  Iowa,  i,  pt.  ii,    p.  574,  PI.  9,  figi.   12  a,  b,  o ; 

alec  Ibidiy  6upp.,  PI.  8,  fig.  4 ;  Meek  and  Worth.,  Doryw.  Mrmigervi,  Geol. 

Aap.  IU.»  p.  880.    Upper  Barlington  limest.    Burlington,  Iowa. 
S0%.  AeliaMT.  diTuioatU  Hall,  1880.    Sapp.  G«oL  R^.  Iowa,  p.  11. 
Sfm,  AittaMT.  qainqaolobiu  Hall,  1880.    Sapp.  Geol.  Rep.  Iowa,  p.  15 ;  Meek 

and  Worth.  Jhrjw.  qaiaqatlobif  18t8.    Geol.  Rep.  111.,  ▼,  p.  880. 
*1880.  JhijK,  daoondi  Hall.    (Aetinoor.  dMoraii)  Sapp.  Geol.  Rep.  Iowa.,  p.  18. 

Boritngton  Umest.    Burlington,  Iowa. 
(Thii  if  a  Tery  doubtful  ipeoiee.) 
1868.  Doffftr.  OenUki  HaU.    (Aetiaoor.  0«iildi)  Geol.  Rep.   Iowa.,  i,  pt.  ii,  p.  613, 

PL  U,  tg$.  8  a,  b;   Meek  and  Wortb.  Dcryer,  Gouldi,  Geol.  Rep.  III.,  v,  p. 

380.    Lower  part  of  the  Keokuk  limeet.     Kenkok,  Iowa. 
1876.  Doryer.  Kelloggi  Wortben,  Geol.  Rep.  III.,  wi,  p.  618,  PI.  20,  fig.  8.    Keokuk 

limett.    Keokuk,  Iowa. 
1868.  Doryor.  mitilarippleaiii  Roomer.    Type  of  the  genue.    Arobiv  f.  Naturgesob., 

Jabrg.  xiz.  Band  i,  PI.  10,  figs.  1, 2, 3 ;  Meek  and  Worth.,  1873,  Geol.  Rep.  III., 

T,  p.  380.    Keokuk  limeBt.    Iowa,  Illinois,  Tennessee,  Kentucky  and  Missouri. 
Syn.  Aetiaoor.  (Doryor).  miitiuippientii  var.  tpinigar  Hall,  1860.     8upp. 

Geol.  Rep.  Iowa.,  p.  64.     (This  is  merelj  a  young  form.) 
1868.  Boryer.   ndfioarieaiii  Shumard.      (Aotiaoor.  miitoarientii)  Geol.  Rep. 

MiMonri,  l^  Swallow,  pt.  ii.  p.  190,  PL  A,  figs.  4  a,  b,  c ;  Meek  and  Wortb. 

Dosyar,   miaooajdeaiic,  1873.   Geol.  Hep.  111.,  v,  p.  880.    Upper  Borl. 

limest.    Palmyra,  Mo.  and  Burlington,  Iowa.  (This  species  is  very  rariable 

in  (he  number  of  arms.) 
S^M.  Aottntor.  dsiidoratnt  Hall.    Deee.  New  Sp.  Grin,  p,  2 ;   Boat  Jovrn. 

Hat.  Uidt.,  p.  273;  Meek  and  Wortb.  B«ryor.  datidMrntas,  Geol.  Hep.  UL, 

T,  p.  880. 
*1866.  Doryor.  paryui  Shumard.    (Aptinoer.  pamii)  Geol.  Rop.  Mo.,  by  Swallow, 

ii,  p.  103,  PL  A,  fig.  9;  Upper  Burlington  limest.  (oot  St.  Louis  limest.  as 

qaoted  by  Shumard),  Palmyra,  Mo.  and  Burlingten,  Iowa. 
Sgw,  Aetiaoor.  triaodni  Hall,  1868.    Geol.  Rep.  Iowa,  t,  pt.  ii,  p.  675. 
Syn.  Aotiaoer.  ayaunotrioai  Hall,  1858.    Geol.  Rep.,  Iowa,  i,  pt.  ii,  p.  574,  PI, 

9yflga.  8a,b;  Meek  and  Worth.,  Boryor.  •ymmotricni  1878,  Geol.  hep.  IlL, 

T,  p.  380. 
8gn,  Aetiaoor.  (Amphoraer.)  fabtarbiaatai  Meek  and  Worth.,  1860,  Proe. 

Acad.  Nat  Soi.  Pbila.,  p.  388;  Geol.  Rep.  III.,  ii,  p.  212,  PI.  16,  figs.  4  a,  b. 

Boryer.  eabtarbiaataa,  1873,  Ibid.,  y,  pi  380. 

94 
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*1862  (?)  Dorjor.  pnMorior  Hall.    (Aotiaocr.  pnNnrior)  ]6tb  Rep.  K.  Y.,  St. 

Cab.  Nat.Hift.,  p.  181.    Hamilton  gr.    Western  New  York. 
We  refer  this  ipecies  with  doubt  to  the  genui  j  it  is  Imperfectly  knowm 
*18&5.  Doryor.  pnuBltntif  Mftller.     (AotUioer  prmmWaiii)  Verhand.  Natiapliiat. 

Verein.  f.  Rheinlande,  zii,  p.  81,  PI.  9,  figs.  1,  5;  also  1857.    Pjxidoer. 

pmmiaBfia  Nene  Eehin.  Bifl.  Kalk,  p.  253,  Scbnltie,  1867,  Mob.  lehis. 

Eifl.  Kalk,  p.  60,  PI.  6,  fig.  6.    De^om.    Sifel,  Oerm. 
1868.  Dorjor.  quiiiqiielobmf  (rar.)  intonBediui  Meek  and  Worth.    Proe.  Aoad. 

Nat.  Bei.  Phila.,  p.  M6;  Oeol.  Rep.  111.,  y,  p.  885,  PI.  10,  Ag,  4.    TmeitioB 

bed  between  Burl,  and  Keok.  liaeet.    Pleasant  Orore,  Iowa.    This  is  more 

properly  a  Tariety  of  B.  mitfittippiaBfU,  from  whioh  H  differs  anly  in 

baring  fewer  arms  and  in  its  smaller  site. 
1868.  Doryor.  Boomori  Meek  and  Worth.     Proe.  Aoad.   Nat.  Bei.  Phila.,  p.  U6 ; 

also  Geol.  Rep.  111.,  t,  p.  883,  PI.  10,  fig.  8.    Uppermost  part  of  Upp«r  Burl. 

limeet.    Barlington,  Iowa. 
*i860.  Doryor.  tpinoovlui  Hall.    (AetiBOor.  tpinotului)  Sapp.  Geol.  Rep.  Iowa., 

p.  52,  Keokuk  limest.  NaoToo,  111.  (Probably  a  yonng  D.  BiMiilippioiiiU. 
*1858.  Doryor.  tubftonloAtiu  Hall.  (Aetlnoor.  tublMiiloataf)  Geol.  Rep.  Iowa,  i,  pt. 

ii,  p.  570,  PI.  10.  figs.  2  a-b ;  Meek  tnd  Worth.,  Doryor.  inhMmloatiUy  Geol. 

Rep.  111.,  T,  p.  380.    Lower  Barlington  limest.    Barlington,  Iowa. 
1860.  Doryor.  UBioomU  Oweo  and  Shamard.    (Aotinoor.  nmioorait)  Jonm.  Aead. 

Nat.  Sei.  Phila.,  ii.  (ser.  ii),  p.  67 ;  also  U.  8.  Geol.  Rep.  Iowa,  Wis.  and  Minn., 

p.  578,  PI.  5  a,  figs.  12  a,  b ;  Hall,  1858,  Geol.  Rep.  Iowa,  i,  pt.  ii,p.  568,  PI. 

10,  figs,  6  a,  b,  e ;  Meek  and  Worth.,  1878,  Doryor.  udoonit,  Geol.  Rep 

111.  T,  p.  880,  PI.  6,  fig.  2.    Lower  Barlington  limest.    Barlington,  Iowa. 
A^yn.  Aetiiioor.  trioomil  Hall,  1858,  Geol.  Rep.  Iowa,  i,  pt.  ii,  p.  569. 
i^N.  Aotinoor.  pondoiu  Hall,  1860.    Ibid.,  Sopp.,  p.  81.. 
^1861.  Doryor.  nniipimit  Hall.     (Aotinoor.  nniipinnt)  Dese.  New  Sp.  Crin.  p.  2; 

also  Bost.  Joarn.  Nat.  Hiat.,  p.  270.    Lower  Burlington  limest.    Bnrlingtoa, 

Iowa. 


C.  RHODOCRnnDJB  Roemer. 
(Amend.  Zittel,  amend.  WaohBm.  and  8pr.) 

The  genera  which  we  include  among  the  Rhodocrinidm  were 
arranged  by  the  earlier  writers,  either  in  connection  with  such 
gejoera  as  Cyathocrinus^  Poteriocrinits,  or  in  various  ways  with 
AcHnacrinuSy  Melocrinus,  DimerocriniLS,  Periechocrinus,  Carpo- 
crinus  and  others. 

Austin  ^  placed  Rhodocr%nu8  and  Sagenocrinua  under  the 
Actinocrinoidea,  Dimerocrinus  under  the  Merocrinoidea. 

D'Orbigny'  placed  (Hlhertsocrinus  and  Dimerocrinus  under 
the  Melocrinidae,  Olyptocrinus  and  Rhodocrinu9  under  the 
Cyathocrinidffi. 

'  Ann.  and  Mag.  Nat.  Hist,  1842-8. 
'  Coarse  elte.  de  Pal^ont.,  1853,  toI.  2. 
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Pict^t*  arranged  Bhodocrinus^  AcanthocrinuSj  Dimerocrinua, 
and  Thysanocrinus  under  the  CyathocrinienB,  Lyriocrinv^  and 
Scyphocrinits  Hall  (not  Zenker),  under  the  Carpocriniens,  and 
all  under  the  Cyathocrinids. 

Roemer,'  who  was  the  first  to  propose  the  name  Rhodoerinidae, 
referred  to  it  only  the  genus  Rhodocrinus^  placing  Sagenocrinus 
with  the  Sagenocrinidae,  Thysanocrinus  with  the  Poteriocrinidae, 
and  Dimerocrinus  which  we  take  to  be  identical  with  Thysano- 
crinus he  referred  to  the  Cyathocrinidse. 

The  great  dissimilarity  which  manifests  itself  in  these  classifl- 
cations,  must  be  partly  attributed  to  the  imperfect  knowledge 
which  prevailed  with  regard  to  some  of  those  genera  at  that  time. 
It  was  evidently  the  intention  of  the  writers  to  group  the 
Crinoids  according  to  the  presence  or  absence  of  underbasals,  the 
number  of  basals  and  the  arm  structure,  but  these  parts  had 
been  often  incorrectly  represented,  or  were  as  yet  entirely  unknown. 

A  very  marked  improvement  is  visible  in  the  classification  of 
ZitteP  who  placed  among  the  Rhodocrinids,  Ollacrinus,  Ehodo- 
crinuSy  Acanthocrinus^  RipidocrinuSj  and  Thysanocrinus j  and 
proposed  the  name  Glyptocrinidse  for  Olyptocrinus,  Olyptaster, 
ThylacocrinuSj  Lampterocrinus^  EucrinuSy  and  Sagenocrinus^ 
these  genera,  without  exception,  have  underbasals,  and  Zittel 
discriminated  distinctly  between  genera  in  which  the  calyx  is  con- 
structed exclusively  of  three  rings  of  plates,  and  those  in  which 
the  radials  are  separated  by  interradials — our  Sphseroidocrinidse 
— and  he  distinguished  these  from  our  Ichthyocrinidse.  He,  how- 
ever, placed  Dimerocrinus  with  some  of  our  Actinocrinidae,  as 
that  genus  was  thought  to  possess  no  underbasals,  and  he  for  a 
similar  reason  admitted  Lyriocrinus  among  the  Calyptocn'nidae. 

The  Olyptocrinidse  and  Rhodocrinidae  of  Zittel,  according  to  • 
his  own  diagnosis,  differ  only  in  the  form  of  the  body  and  the  - 
position  of  the  interradial  (not  anal)  plates.    He  describes  the 
form  of  the  Giyptocrinidae  as  high  (turbinate),  that  of  the  other 
bowl-shaped  (more  or  less  depressed),  the  first  interradials  of  the 
former  as  being  placed  between  the  second  and  third  radials,  those  of ' 
the  latter  as  forming  together  with  the  first  radials  a  ring  of  ten 
alternating  plates.      We  doubt  very  much  whether  these  dif- 

*  Traits  de  Pal^ont.,  1857,  vol.  iv. 

*  Letli»a  Geogn.,  1855  (Ausg.  3). 
'  Handbuch  der  Palseontologie,  i. 
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fereuoes,  even  if  they  were  peroistent,  can  be  deemed  aafficient  for 
a  family  didtinction.  Thysanacrinua  of  the  Rhodocrinidse  has 
generally  at  four  sideB  the  first  interradial  disposed  b^ween  the  first 
and  second  radials ;  while  in  Thylacocrinus^  according  to  Oehlert's 
figure,  ail  five  first  interradtals  rest  disectly  upon  the  basals,  or  to 
use  ZittePs  language,  '^  form  a  ring  of  ten  plates  with  the  first 
radials  as  in  his  Jthodocrinidm.^^ 

In  our  classification,  we  place  under  the  RhodocrinidsB  all  genera 
of  the  Sphffiroidocrinidse  which  have  well-defined  umderbasals,  a&d 
we  admit  also  Olyptecrinus  in  which  these  plates  are  exceedingly 
rudimentary,  or  perhaps  in  some  speeies  altogether  undereloped. 
The  RhodocrinidaB  have  five — exceptionally  three — ^basals ;  from 
2  to  3  X  5  primary  radials,  9  to  6  X  10  secondary  and  some- 
times several  tertiary  radials.  The  plates  of  the  higher  orders,  if 
such  are  present,  being  formed  into  extended  free  rays  with 
lateral  arms.  Arms  rather  delicate,  branching  or  simple,  the  latter 
being  rather  the  exception.  Interradials  numerous,  arranged  with 
two  or  three  plates  in  each  series,  except  in  the  first  which  haa 
but  one  plate.  In  most  of  the  genera,  the  first  interradial  rests 
directly  upon  the  truncate  upper  side  oi  the  basals,  thereby 
separating  the  first  radials  all  around.  In  otherSy  however,  only  the 
first  plate  of  the  posterior  or  anal  side  is  supported  by  a  basal, 
that  of  the  other  four  sides  being  placed  against  the  upper  comers 
of  the  first  and  between  the  second  radials,  the  former  producing 
an  almost  perfect  pentrahedral,  the  latter  a  more  or  less  bilateral 
symmetry. 

In  OlyptocrinuSjthe  first  interradial  rests  between  the  first  and 
second  radials  at  every  side;  interaxillaries  generally  present; 
vault  fiat  or  low  hemispherical,  composed  of  small  and  more  or 
less  irregular  pieces ;  apical  dome-plates  not  well  defined ;  inter- 
radial regions  depressed;  anus  in  form  of  a  simple  opening 
through  the  vault,  rarely  proboseis-like.  Column  round  or  pei^ 
tagonal. 

For  greater  convenience  of  study  we  sobdiride  the  Bhodo- 
crinidffi  into  three  groups. 

a.  OlyptocrinUes, — Galyx  turbinate,  symmetry  almost  perfectly 
pentahedral,  radial  plates  with  rounded,  strongly  elevated  ridges 
which  gently  pass  into  the  arms.  Interradial  areas  depressed,  the 
first  plate  resting  either  directly  upon  the  basals,  or  between  the 
second  and  third  radials,  without  special  anal  plate  beneath  their 
line.    Restricted  to  the  Lower  Silurian. 
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b.  OlypUuAerUeB. — Calyx  turbinate,  symmetrj  bilateral,  radials 
less  carinated  than  in  the  preceding  group.  A  special  anal  plate 
svpported  upon  the  bosals,  with  another  within  the  second  series, 
resting  between  the  two  interradials,  and  in  line  with  the  first 
tBterradial  plate  of  the  four  lateral  areee.    Upper  Silurian. 

e.  BhjodocriTiUes  --^Gatyx  sabglobose,  somewhat  depressed ;  sym- 
metry nearly  perfectly  pentahedral.  Radials  without  elevated 
lidges.  Interradial  plates  extending  down  to  the  basals,  postci  ior 
•lea  bnt  little  distinct  from  the  others,  sometimes  a  little  wider, 
with  one  or  two  irregular  additional  plates.  Foimd  from  the 
Upper  Silurian  to  Uie  Subcarboniferous. 

These  groups,  as  those  of  the  Aotinocrinidse,  are  based  upon 
the  general  form  of  the  body  and  the  arrangement  of  anal  plates. 
In  their  form,  the  Olyptocrinites  resemble  the  Olyptasierites^  but 
ia  the  arrangement  and  position  of  interradial  and  radial  plates 
the  former  agree  with  the  Shodocrimt€9.  It  might  have  been 
not  out  of  the  way  tf  we  had  placed  the  genus  Olyptocrinus  in  a 
group  by  itself,  as  it  difflars  f^om  Arch«ocrinu*  and  Reteocrinus^ 
with  which  it  has  been  associated,  and  from  all  other  Rhodocrinidse, 
in  having  the  first  plate  at  each  interradial  side  placed  between 
the  second  radials,  a  combination  which  is  found  not  unfrequently 
in  the  earlier  Actinocrinidae.  This  becomes  more  important  since 
some  species  of  that  genus  apparently  have  no  underbasals,  and 
it  is  a  question  whether  that  genus,  at  least  partly,  should 
not  be  arranged  with  the  other  group  altogetlier.  The  unmis- 
takable evidence  of  minute  underbasals  in  some  species,  and  the 
close  afiSnities  which  the  genus  has  with  ReteocrinuSj  with  which 
it  is  connected  by  most  remarkable  transition  forms,  has  induced 
us  to  place  ft  with  the  Rhodocrinidffi.  Olyptocrinus  evidently 
forms  a  link  between  those  two  great  divisions,  and  leans  as  much 
to  the  one  as  to  the  other,  but  whether  it  is  the  prototype  of  the 
Aetinocrinida^  or  of  the  Rhodocrinidae  we  are  unable  to  assert, 
there  being  arguments  in  fkvor  of  botJi  theories.  It  seems  to  us 
more  prolmbie  that  the  Rhodocrinide  were  introduced  first,  but 
this  must  remain  a  supposition  so  long  as  we  know  comparatively 
nothing  of  the  crinoidal  forms  which  preceded  Olyptocrinus. 

The  arms  of  the  Rhodocrinidae  in  the  Lower  Silurian,  are  single- 
or  double-jointed ;  the  Upper  Silurian  forms,  almost  without  excep- 
tion, have  two  rows  of  interlocking  plates.  Respiratory  pores ,  such 
as  noticed  in  the  Actinocrinidee,  have  never  been  observed  in  this 
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family ;  OllacriniLS  has  lateral  appendages,  two  to  each  interradial 
area,  with  a  central  canal  passing  through  each,  commonicating 
with  the  inner  body.  The  entrances  of  these  canals  into  the  body 
occupy  the  same  relative  position  to  the  ambulacral  or  arm  open- 
ings, as  the  respiratory  pores  to  the  arm  openings  in  Batocrinus, 
and  these  like  those  are  connected  with  the  radial  grooves  beneath 
the  vault.  The  appendages  seem  to  be  in  some  way  connected  with 
the  interradial  depressions  which  are  so  frequently  found  upon  the 
vault  of  this  genus  and  in  Rhodwyrinus  (PI.  19,fig.  1).  The  depres- 
sions are  in  some  specimens  deeper  than  in  others,  and  as  the 
plates  of  which  they  are  composed  are  smaller  and  thinner,  it  is 
very  probable  that  the  test  in  these  parts  was  flexible,  liable  to 
contraction  and  expansion. 

Oeological  Fosttumj  etc, — Nine  of  the  thirteen  genera  which  we 
place  among  the  Rhodocrinidse  are  restricted  to  the  Silurian,  two 
are  strictly  Devonian,  and  the  remainder  which  first  appear  in  the 
Devonian,  become  extinct  in  the  lower  part  of  the  Subcarboniferous. 
None  of  the  genera  seem  to  have  had  a  great  variety  of  species 
or  to  have  existed  in  great  numbers,  except  some  few  species 
of  the  Lower  Silurian. 

We  arrange  the  three  sections  as  follows : — 

a.  Gltptoobiiiitbs. 

1.  Olpptoerinm  Hall.  8.  Beteocrinug  Billings. 

2.  ArehcBoerwus  Wachs.  &  8pr. 

b.  Gltptastbbxtbs. 

4.  Olf/ptaster  Hall.  6.  Lampteroerinui  Roomer. 

Subgen.  Ektcrintu  Angelin.  7.  8agenoerinu$  Austin. 

5.  Dimeroerinui  Phillips. 

e,  RHODOCBnnTBS. 

8.  LyrioeriwM  Hall.  11.  ^n<^^«m^en'nu«  Wachs.&  Spr. 

9.  Bipidocrinui  Beyrich.  13.  Bhodoerinui  Miller. 

10.  Thykieoerinu9  Oehlert  18.  OWierinui  Cumberland. 

P.  S. — At  the  moment  this  goes  to  press,  we  received  from  S.  A. 
Miller  a  very  interesting  paper  containing  descriptions  of  several 
new  Crinoids  from  the  Hudson  River  group,  published  in  the 
April  number  of  the  Joum.  Cincin.  Soc.  Nat.  Hist.  Miller  pro- 
poses the  name  Xenacrinus  for  a  form,  which  in  external  appear- 
ance resembles  closely  Beteocrinus  Billings,  but  from  which  it 
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differs, according  to  description,  by  having  a  quadrangular  column, 
four  basals  and  no  underbasals,  thus  bringing  it  in  close  proximity 
to  Mariacrinus  and  Melocrinus^  and  among  the  Actinocrinidee. 
There  is  something  in  the  habitus  of  the  genus  that  leads  us  to 
think  it  should  be  associated  with  the  Rhodocrinidse,  and  that  it 
had  underbasals  which  were  not  disclosed. 

No  Actinocrinoid  has  ever  been  discovered  in  which  the  inter- 
radial  field,  except  at  the  ^^  azygous  '^  side,  extends  to  the  basal 
disk ;  such,  however,  seems  to  be  clearly  the  case  in  Xenocrinus 
penicillvs.  We  leave  the  discussion  of  this  genus  to  our  future 
appendix,  as  we  hope  to  have  an  opportunity  to  examine  some  of 
the  specimens. 

Another  of  Miller^s  new  species  Is  described  with  four  basals 
and  a  quadrangular  stem ;  but,  contrary  to  the  former,  here  only 
the  interradial  area  at  the  posterior  or  anal  side  descends  to  the 
basals.  Miller  refers  the  species  to  Olyplocrinua  with  which  it 
has  no  doubt  close  affinities,  but  it  appears  to  us,  that  if  Xeno- 
erinvLB  is  a  ^ood  generic  form,  the  other  also  should  be  made  a 
new  genus.  01,  Harrisi  is  distinguished  from  Olyptocrinus  almost 
by  the  same  characters  as  Xenocrinus  from  Reteocrinus,  We 
farther  refer  Olyptocrinns  cognatus  Miller,  to  Reteocrinus. 

a,  Gltptocbinitbs. 
1.  eLTFTOCSIHUS  Hall. 

1847.  Han.    Paleont.  New  York,  i,  p.  281. 

1867.  Billings.    Geol.  Surv.  Canada,  of  1858  to  1856,  p.  256. 
1859.  Billings.    Ibid.,  Decade  iv,  p.  55. 

1868.  Hall.    Trans.  Albany  Inst.,  iv,  p.  202. 

1878.  Meek.    Geol.  Bunr.  Ohio  Paleont.,  i,  p.  80. 

1879.  Zittel.    Handb.  d.  Paleont.,  i,  p.  874  (not  Glpptocrinui  d'Orb.,  1850, 

Prodr.  i,  p.  45,  nor  p.  103). 
Syn.  ApiocriniU  Anthony,  1888  (not  Miller,  1821). 
Syn.  Icoiidctciylocrintts  Owen,  1848,  Cat.  Speo.  Ohio  Valley. 

We  are  compelled  to  exclude  from  the  genus  Olyptocrinus 
several  species  which  were  referred  to  it  by  Hall  and  Billings,  and 
have  arranged  them  with  other  genera.  We  place  Olyptocr. 
Carleyi  Hall — which  has  four  basals  and  not  five — under  Maria- 
crinus as  reconstructed  and  amended  by  us.  The  generic  differ- 
ences between  Glyptocrinits  and  Qlyptaster  have  never  been  satis- 
ilACtorily  pointed  out,  and   Hall's  explanatory  remarks  (Trans. 


360  PROCEEDINGS  OF  THE  AOADEBCT  OF  [1881. 

Albany  Inst.,  iv,  p.  202)  have  by  no  means  cleaped  up  the  diffi- 
culties attending  their  separation. 

According  to  Hall,  the  principal  distinction  should  be  found  in 
the  rudimentary  or  imperfect  condition  of  the  underbasals  in 
Glyptocrinus^  as  opposed  to  the  moderately  large  size  of  the  same 
pieces  in  Gly plaster^  and  in  that  the  rays  of  the  former  were  twice 
subdivided  in  the  body,  with  simple  undiWded  arms,  while  the 
latter  bad  but  a  single  division  in  the  body.  A  comparison  of  all 
the  species  that  have  been  referred  to  OlyptocrinuSj  shows  con- 
clusively that  these  supposed  distinctions  are  not  borne  oat  by 
the  facts.  Hall's  so-called  Olyptocr.  O^Nealli  nas  weU  defined 
underbasals,  and  the  second  branching  of  the  ray  takes  place  in 
the  free  arms,  while  the  rays  in  Olyptocr,  nobilU  divide  at  least 
three  times  in  the  body,  and  on  the  other  hand  in  O,  Dyeri  Meek, 
the  second  bifurcation  takes  place  in  the  arms.  We  have  plaoed 
O,  O^NeaUi  Hall,  O,  JRichardioni  and  O.  gracilis  Wetherbj, 
G,  Baeri  Meek,  and  G.  cognatus  Miller,  under  Beteocrinus 
Billings,  and  should  have  proposed  G.  nobilis  the  type  of  a  new 
genus,  if  we  had  before  us  good  specimens  instead  of  figures  of 
casts  in  which  neither  basal  nor  anal  plates  are  shown.  The  high 
dome,  the  anal  tube,  the  large  number  of  arms,  and  its  occurrence 
in  a  different  geological  horizon  suggests  very  strongly  to  our  mind 
its  generic  distinctness. 

Glyptocrinus  is  one  of  the  oldest  fofms  of  the  Rhodocrinidae, 
and  is  the  forerunner  and  type  of  a  litUe  group  of  Silurian  Crinoids, 
which  are  readily  recognized  by  their  obconical  form ;  the  promi- 
nent rounded  ridges  that  follow  the  radial  series  of  the  oalyx, 
looking  like  recumbent  arms ;  the  beautiMly  striated  snr&ce^md 
the  character  of  the  arm  structure.  The  arms  in  all  o(f  tiiem 
rise  fVom  the  edge  of  tiie  vault,  fimnlBg  imintermpted  prolonga- 
tions of  the  elevated  ridges  of  tiie  ealyx,  and  the  radial  phtes  pass 
into  arm  plates  so  gradually,  that  it  becomes  almost  impossible  to 
discern  where  the  calyx  terminates  and  the  arms  begin.  Zittel 
has  arranged  these  genera  into  a  distinct  family  and  we  should 
follow  his  example  if  we  had  not  cbaoovered  tltat  the  samie  oharac- 
()ers  exist  among  the  Aottnocrinide,  and  indeed-^what  la  more 
significant-- among  genera  with  five,  fiofir  and  three  baaala,  but 
only  in  Siluriaa  types,  thas  indicating  that  tte  chanMfters  ateve 
noted  represent  probacy  a  yoimger  stage  of  ikanly  development. 

Glypt^crinus  differs  from  Ghypkkater  in  having  Ffidim«iitavy 
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instead  of  moderately  developed  underbaaalB,  in  not  having  the 
first  anal  plate  on  a  level  with  the  first  radials,  and  in  the  arms, 
which  in  Olyptocrinu%  are  composed  of  single  joints,  instead  of 
two  rows  of  interlocking  pieces  as  in  Glyptaster.  Beteoorinus 
differs  in  the  size  of  its  underbasals,  the  deeply  depressed  inter 
radial  spaces,  the  irregular  arrangement,  and  exceedingly  large 
number  of  interradial  and  interaxillary  plates,  and  that  the  rays 
are  not  connected  laterall}'^  but,  all  the  wa3'  up  from  the  basals, 
s^Mirated  by  small  interradial  pieces. 

We  propose  for  Olyptocrinus  the  following : 

Bevised  Oeneric  Diagnosis. — Caly^  obconical  to  subglobose, 
its  symmetry  almost  perfectly  pentahedral.  Surface  ornamented 
with  radiating  strise  in  form  of  elevated  ridges,  which  divide  into 
numerous  triangular  impressed  aree.  The  ridges  passing  along 
the  radial  portions  are  rounded,  nearly  as  wide  as  the  arm  joints, 
and  appear  like  arms  that  are  soldered  into  the  body.  The  arms 
rise  vertically  from  the  edge  of  the  vault,  forming  undisturbed 
continuations  of  the  ridges  of  the  calyx,  and  the  higher  radial 
plates  pass  imperceptibly  into  arm  plates. 

Underbasals  five,  rudimentary-^perhaps  sometimes  obsolete-^ 
entirely  hidden  from  view  by  the  column,  and  filling  only  a  small 
portion  of  the  basal  concavity.  Basals  five,  of  uniform  size,  small, 
scarcely  extending  to  the  sides  of  the  body,  slightly  concave  for 
the  attachment  of  the  column.  Primary  radials  3X5,  the  lower 
series  somewhat  larger,  nearly  similar  in  form ;  the  second 
hexagonal ;  the  third  pentagonal  in  outline,  and  supporting  on 
its  upper  sloping  sides  the  secondary  radials.  The  number  of 
secondary  radials  varies  with  the  species,  but,  as  a  general  rule,  it 
might  be  asserted,  that  in  species  with  a  third  order  of  radials  or 
a  second  division  within  the  body,  there  are  only  two  secondary 
radials,  while  in  species  in  which  the  second  bifurcation  takes 
place  in  the  free  arms,  their  number  is  much  greater.  Species  of 
the  latter  kind  sometimes  have  six,  eight  or  more,  and  these  are 
succeeded  to  the  last  bifurcation  by  three,  four  or  more  free 
plates.  The  tertiary  radials,  where  they  exist,  are  as  variable  in 
number  as  those  of  the  secondarj-  order.  There  may  be  within  the 
same  species  one,  three  or  more  of  these  plates  soldered  into  the 
bod3\  or  they  all  may  be  free  plates,  depending  on  the  age  of  the 
individual. 

Arms  twenty,  rising  upright,  almost  vertically  from  the  last 
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radial,  long,  slender,  simple  from  the  second  division,  roimded  on 
the  outer  side,  and  composed  of  a  single  series  of  short,  some- 
what wedge-shaped  pieces,  of  which  each  one  supports  at  its 
larger  end  a  pinnule.  Pinnules  very  slender,  alternately  and  very 
closely  arranged,  the  proximal  ones  fixed  in  the  body  walls,  the 
first  generally  given  off  from  the  second  secondary  radials. 

Interradial  arese  occupied  by  a  large  number  of  pieces, 
arranged  in  four  or  more  series,  with  one  plate  in  the  first,  two  in 
the  second,  and  generally  three  in  each  succeeding  series.  The 
posterior  or  anal  area  differs  from  the  others  in  being  a  trifle 
wider,  and  having  three  plates  instead  of  two  in  the  second  and 
all  succeeding  series.  The  median  row  generally  consists  of 
larger  plates,  and  these  elevated  above  the  level  of  the  others. 
The  first  anal,  like  the  first  interradial  plate,  rests  upon  the  upper 
sloping  side  of  the  first  and  between  the  second  radials.  Inter- 
axillary  plates  from  one  to  ten,  with  a  less  number  in  species  in 
which  the  last  bifurcation  takes  place  in  the  body. 

Vault  scarcely  elevated  above  the  horizon  of  the  arm  bases ;  the 
interradial  regions  somewhat  depressed ;  composed  of  numerous 
very  small,  convex  plates.  The  apical  dome  plates  not  well 
defined ;  anal  aperture  directly  through  the  vault,  exeentric. 

Column  round,  of  medium  size ;  central  canal  small,  distinctly 
pentagonal. 

Geological  Position j  etc. — Olyptocrinus^  as  amended  by  us, 
occurs  exclusively  in  the  Lower  Silurian  at  the  age  of  the  Trenton 
and  Hudson  River  groups,  and  apparently  only  in  America. 

We  recognize  the  following  species : — 

1879.  Olyptooriaos  anguUrii  Miller  and  Dyer.    Joar.  Cinoin.  Soo.  Nat.  Hist.,  p.  b, 

PI.  I,  fig.  10.    Hadson  Rirer  gr.    Cinoinnati,  Ohio. 
1847.  Glyptoor.  deoadaotylos  Hall.    Type  of  the  genus.    Paleont.  N.  Tork,  i,  p. 

281,  PI.  77,  figs.   1  a-f,  and  PI.  78,  figs.  1  a-a;    also  Oeol.   Rep.   Ohio, 

Paleont.,  i,  p.  30,  PI.  2,  figs.  6  a,  b ;  Zittel,  Handb.  der  Palaeont,  i,  p.  875, 

figs.  262.    Hudson  Rirer  gr.    Cincinnati,  Ohio. 
1872.  Olyptoor.  Dyeri  Meek.    Proo.  Aoad.  Nat.  Sci.  Phila.,  p.  814  ;  also  Oeol.  Rep. 

Ohio,  Paleont.,  i,  p.  32,  PI.  2,  figs.  2  a,  b  (not  2  o).     Hudson  Rirer  gr.    Cin- 

oinnati,  0. 
1855  (?)  Olyptoor.  ftmbriatvs  Shumard.    Geol.  Rep.  Missouri,  by  Swallow,  pt.  ii,  p. 

194,  PI.  A,  figs.  10  a,  b.    Trenton  gr.    Cape  Girardeau,  Mo. 
This  species  eridently  does  not  belong  to  Olyptoorinos,  description  and  figure 

are  too  imperfect  to  place  it  correctly. 
1874.  Olyptoor.  FomiholU  S.  A.  Miller.    Cincin.  Quart.  Joum.  Sci.    Hudson  Rirer 

gr.     Cincinnati,  Ohio. 


J 
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1881  (?)  Olyptoer.  nobilii  Hall.    Rep.  of  Progreu,  Geol.  Rep.  Wis.,  p.  21 ;  also  20th 

Rep.  N.  Tork  St.  Cab.  Nat.  HLit.,  1867,  p.  21,  PI.  10,  llgt.  9, 10.    Niagara 

gr.    Raoine,  Wis. 
(See  onr  remarks  under  OlTptoeiinos  and  Lftinpttrooriiiiis.) 
1867.  Olyptoer.  omatits  Billings.    Oeol.  R«p.  Canada  (Rep.  of  Progress),  p.  260 ; 

Ibid.,  1869,  Deoade  \r,  p.  60,  PI.  9,  figs.  2  a,  b.    Trenton  limest.    Ottawa, 

Canada. 
1872.  Olyptoor.  pamu  Hall.    Deso.  New  Crin.,  eto.,  pt.  i,  fig.  17,  (without  deeorip- 

tion);  24th  Rep.  N.  Tork  St.  Cab.  Nat.  Hist.,  p.  207,  PI.  6,  fig.  17 ;  Meek, 

1873,  Oeol.  Rep.  Ohio,  Paleont.,  i,  p.  86,  PI.  2,  figs.  4  a,  b.   Hudson  Rirer  gr. 

Oinelnnati,  Ohio.    (Perhaps  a  yoang  O.  deoadaotylos.) 
1867.  Olyptoor.  prifeos  Billings.    Geol.  Rep.  Canada  (Rep.  of  Prog^ss).  p.  267; 

alio,  1869,  Ibid.,  Beeade  ir,  p.  66,   PI.  7,  figs.  1  a-f.     Trenton  limest. 

Ottawa,  Canada. 
1867.  Olyptoer.  immnloilll  Billings.     (Hoh  Rep.  Canada  (Rep.  of  Progpress),  p.  268 ; 

1869,  Ibid.,  Deoade  It,  p.  67,  PI.  7,  figs,  a-f  and  PI.  8,  figs.  1  a-e.    Trenton 

limest    Ottawa,  Canada. 
1876.  Olyptoer.  Shaflbri  S.  A.  Miller.     Cincin.  Quart.  Joum.  Sol.,  vol.  ii,  p.  277 ; 

Jonm.  Cinoin.  Soo.  Nat.  Hist.,  1880,  Oct.,  p.  3,  PI.  7,  fig.  3.     lludton  River 

gr.    Cinoinnati,  Ohio. 
If  this  if  a  Olyptoorinos,  it  eridently  is  a  very  young  specimen. 
jSTyn  Olyptoer.  Shafbri  Tar.  GtrmaBOS  Miller.     Joum.   Cinoin.  Soc.  Nat 

Hist,  1880,  Oct.,  p.  3,  PI.  7,  fig.  2. 
*1872.  Olyptoer.  lubglobosms  Meek.    (Olyptoer.  Dyori  var.  subglobosui)  Proc. 
'  Aoad.  Nat  Soi.  Phila.,  p.  814;  also  Geol.  SurT.  Ohio,  Paleont,  i,  p.  34,  PI.  2, 

flg.  2  0.    Hudson  River  gr.    Cinoinnati,  Ohio. 
We  take  this  to  be  an  independent  speoies,  and  not  a  Tariety  of  0.  Byeri,  it 

may  possibly  prove  to  be  a  Sottocriaos. 


2.  ABCEJBOORIHirS  Not.  gen. 
^  (apxdtoc  ancient,  xpivov  a  lily.) 

Among  the  species  described  in  the  Canada  Report  by  Billings 
as  RhodocrinuB  and  OlyptocrinuSj  there  are  several  which  cannot 
be  brought  under  either  of  these,  or  any  other  known  genus. 
They  differ  from  Qlyptocrinua  in  their  larger  size,  their  surface 
ornamentation,  in  having  the  first  radial  plates  separated  by 
interradials,  in  their  shorter  and  branching  arms,  and  in  having 
them  constructed  of  a  double  series  of  wedge-form  pieces.  They 
differ  from  Reteocrinus  in  having  smaller  underbasals,  in  having 
the  interradial  plates  systematically  arranged,  of  a  less  number, and 
larger  size,  and  also  in  the  arm  structure ;  from  Rhodocrinus  in 
the  general  form  of  the  body,  in  the  large  number  of  secondary 
radials,  and  the  elevated  ridges  passing  gradually  and  vertically 
into  arms,  which  do  not  spring  off  laterally  from  the  body  as  in 
the  latter  genus. 


3G4  PBOGBEDiNGfi  or  TfiB  iiCADBMT  OT  [IMl. 

We  propose  for  this  little  gronp,  which  is  one  of  the  oldest  of 
the  known  Crinoids,  the  name  ^^Archacnrinug^  and  make  Billings' 
Olyptocrinus  lacunosus  the  type  of  the  genus. 

Generic  DiagnoeiB. — Calyx  large,  pear-shaped,  sometimes 
obconieal;  plates  smooth  or  grannlated;  the  radial  plates  with 
keel-like  elevations  along  their  median  line,  but  less  prominently 
than  in  OlyptocHnus,  and  the  carinse  narrower. 

Underbasals  five,  pentagonal,  rather  small  and  rarely  extending 
beyond  the  column.  Basals  five,  heaoigofial,  with  a  truncate  upper 
side,  supporting  the  first  radial  plates.  Primary  radials  3  X  5,  df 
medium  size,  gradually  decreasing  upward,  width  and  height 
about  equal.  They  support  two  rows  of  secondary  radials  of  three 
to  four  plates  in  each  row,  which  are  followed  ill  the  sanfie  line  by 
the  arm  plates,  all  further  divisions  of  the  rays  taking  place  in 
the  arms.  The  rays  are  widely  separated  by  large  interradial 
areas.  Arms  short,  slender,  the  branches  divergent;  composed 
of  two  rows  of  cuneiform  pieces,  alternately  aorraiiged  and  inter- 
locking. Interradial  areas  large ;  resting  directly  upon  the  upper 
truncate  side  of  the  basals,  and  passing  gradually  into  vault 
pieces.  The  plates  of  the  two  proximal  series  are  generally  of 
equal  size,  all  succeeding  ones  are  much  smaller.  There  are  two 
plates  in  the  second  series  in  all  five  areee,  those  at  the  posterior 
side  are  probably  a  little  wider.  Interaxillaries  represented  by 
one  or  more  plates. 

Vault  and  anus  unknown.    Column  round. 

Geological  Position,  etc, — ArchMOorinus  is  only^known  from 
the  Lower  Silurian  of  America. 

We  place  here  the  following  species : — 

•I8&7.  AvcteoflvinmslMUMfesBUiingi.  T7peH>ftlM^geniM.  (Mjptotr.  IsMaSrai^ 

Oeol.  Bep.  Cuiada  (Rep  of  Progress),  p.  261;  Ibi<L,  1869,  Deoade  vr,  p.  01^ 

PI.  8,  figs.  3  a-e.    Treoton  limest.    OtUw*,  CaniadA. 
*185?.  Ardisoer.  margliialtit  Bmings.  (Olnftoor.  auurgtaatas)  Geol.  lUp.  Canada. 

(Bep.  af  Pragraii),  p.  260;  lb.,  1S68,  Dwada  ir,  p.  09,  PI.  •»  igt.  1,  lak 

Treoton  limaat.    OUa«ray  Canada. 
*1857.  Aroh»«er.  miortbasilii  Billings.     (Thyiaaoor.— Bhodtor.— miorabaallif) 

Geol.  Rep.  Canada  (Bep.  of  Progress),  p.  264;  Ibid.,  1859,  Decade  ir,  p.  63, 

PI.  6,  'fig.  2.    f  renton  Itttest    Ottawa,  Canada. 
•1867.  AfOliiMBr.pyrttflwaii  Bating!.  (1A9MiNr.--4UMiMr.^-'parTlXftMd8)  Ga^ 

Bep.  Canad»(B«p.  of  Progreaa),  p.  262 ;  Ibid.,.  1659,  ]>aeftde  ir,  p.  61,  PL  % 

figs.  1  a-d.    Trenton  limeith    Montreali  Canada. 
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8.  BBT^OCKIirUS  Billingf. 

18S9.  BlIlingB.    Geol.  Rep.  Canada,  Decade  iv,  p.  68. 

Byn.  Olfptocrintu  (in  part),  Hall  1866  and  1872 ;  Meek  1873. 

Among  the  species  described  by  Hall  under  Olypiocrinua^  there 
is  one — 01.  O^Nealli — which  in  several  important  characters  differs 
from  his  typical  form.  It  has  well-developed  underbasals,  ver}'' 
large  basals,  a  pentagonal  stem,  and  exceedingly  depressed  inter- 
radial  and  anal  regions,  peculiar  radial  plates,  etc.,  in  all  of  which 
characters  it  agrees  with  the  genus  Reieocrinus  Billings,  which  was 
described  from  imperfect  material,  and  altogether  misunderstood 
by  its  founder.  According  to  Billings,  the  calyx  consists  of  a 
reticulated  akeleton,composedof  incomplete  or  rudimentary  plates, 
each  consisting  of  a  central  nucleus  with  three  to  five  stout  pro- 
cesses radiating  from  it.  Of  such  plates  he  describes  three  rings 
of  five  each,  corresponding  in  their  position  with  the  underbasals, 
basala  and  first  radials  of  other  crinoids,  and  he  compares  the 
genus  with  CyalhocrinuSy  Dendrocrinus  and  similar  forms. 

This  description  at  first  glance  does  not  agree  with  Ql,  O^Nealli, 
but  a  closer  comparison  with  Reteoar.  stellaris  Billings  shows  at 
once  a  remarkable  similarity  in  the  form  and  arrangement  of  these 
rudimentary  plates  with  the  principal  plates  of  the  former  specias, 
and  leads  to  the  conclusion  that  the  interradial  plates,  which  are 
said  to  be  wanting  in  Reteocrinus^  really  exist  there,  but  are  so 
deeply  imbedded  within  the  depression  as  to  be  hidden  from  view 
by  the  matrix.  Even  in  Glyptocr.  (?)  O^Nealli^  the  construction 
of  the  interradial  spaces  is  but  rarely  observed.  Looking  at  the 
specimens  in  the  condition  in  which  they  are  generally  found,  they 
agree  remarkably  well  with  Billings'  description.  The  second 
and  third  primary  radials  appear  to  be  free  plates,  and  the  calyx 
seems  to  be  composed  of  only  three  rings  of  i^tes  like  in  the 
Cyathocrinidse. 

The  resemblance  of  01.  O^Nealli  with  the  genus  ReteocrinuSj 
was  pointed  out  already  \>y  Meek  (Paleont.  of  Ohio,  i,  p.  34),  but 
he  left  the  species  under  Olyptocrinus ;  also  Wetherby  noticed 
this  similarity'  in  the  description  of  his  Glyptocr.  Richardmni^ 
and  he  agrees  with  us,  that  both  his  species  and  01.  O^NeaUi 
should  be  arrajiged  under  Reteoorinua. 

A  reconstruction  of  the  genus  with  01.  O^NeaUi  =  Reteocr. 
O^Neallij  as  type,  will,  we  believe,  clear  up  a  number  of  difficulties, 
and  we  accordingly  propose  the  following : — 
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Revised  Oeneric  Diagnosis, — Calyx  obconical,  its  aymmetry 
somewhat  bilateral ;  interradial  and  interaxillary  spaces  pro- 
foundly depressed ;  radial  plates  highly  elevated  into  strong 
rounded  ridges,  which  in  outer  appearance  resemble  arms ;  they 
bifurcate  and  follow  the  secondary  radials,  whence  they  pass 
gradually  into  free  arm  joints. 

Underbasals  five,  well  developed,  extending  beyond  the  column. 
Basals  five,  large,  protuberant,  hexagonal,  the  upper  side  slightly 
truncate  and  supporting  the  first  series  of  interradial  plates ;  the 
upper  portions  inflected,  and  involved  in  the  interradial  depres- 
sions. 

Radials  3X5,  those  of  different  rays  separated  by  interradials ; 
the  first  and  third  pentagonal,  the  second  quadrangular,  as  long 
as  the  two  former  ones  but  narrower.  The  radials  are  highly 
elevated,  forming  a  broad  rounded  ridge,  which  f^om  the  third 
radial  branches  upward,  following  the  secondary  radials,  and 
downward  from  the  first  primary  radials  toward  the  basals.  This 
branching  gives  to  the  first  and  third  radials  a  similar  form,  only 
the  direction  of  the  branches  reversed,  the  truncation  taking 
place  from  reversed  sides  of  the  plates.  Secondary  radials  four 
to  five  in  the  adult,  a  less  number  in  young  specimens;  decreasing 
in  height  upwards,  quadrangular,  shaped  like  arm  joints,  and  like 
them  giving  off  pinnules,  which  in  the  adult  are  incorporated  ^ 
within  the  body. 

Arms  ten,  long,  slender,  rounded,  bifurcating,  composed  of  a 
single  series  of  rectangular  or  slightly  wedge-formed  pieces,  which 
give  off  on  alternate  sides  rather  stout,  closely  arranged  pinnules. 
Interradial  series  resting  directly  upon  the  basals,  consisting  of 
a  very  large  number  of  minute  pieces,  of  irregular  form,  and  with- 
out definite  arrangement ;  the  posterior  area  wider,  with  a  con- 
spicuous row  of  decidedly  larger  and  more  prominent  special  anal 
pieces  along  the  median  part.  Interaxillary  plates  almost  as 
numerous  as  the  interradials,  and  of  a  similar  character.  The 
peculiar  depressed  state  of  the  interradial  and  interaxillary  aree, 
the  irregularity  with  which  their  plates  are  arranged,  suggests  the 
possibility  that  they  were  adapted  to  expansion  by, the  animal. 

Vault  composed  of  numerous,  very  small  and  convex  pieces, 
with  an  elevation  running  to'  each  arm  base ;  the  plates  in  the 

^  See  our  remarks  upon  fixed  pinnules  in  oar  general  notes  upon  the 
8ph»roidocrinidffi. 
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median  part,  which  probably  include  the  apical  plates,  somewhat 
larger.  Anal  aperture  directly  through  the  vault,  small,  sub- 
central. 

Column  subpentagonal,  its  lateral  &ces  but  little  depressed; 
central  canal  rather  large. 

Oeological  FbMion^  etc, — Beteocrinus  belongs  to  the  age  of  the 
Trenton  and  Hudson  River  groups,  and  is  only  found  in  America. 

We  place  here  the  following  species : — 

*1S72.  l«ttoeriBas  BMri  Me«k.  (Olyptoer.  Baari)  Amer.  Joarn.  Soi.  and  Artf,  iii 
(Ser.  S),  p.  260 ;  also  1873,  G«ol.  Rep.  Ohio,  PalsBont.,  p.  87,  PI.  2,  fig.  1  a,  b. 
Upper  part  of  Hadson  Rir.  gr.    Richmond,  Ind. 

*1881.  Satoocrimii  MfUtvi  8.  A.  Miller.  (Olyptoer.  oognatiu)  Joarn.  Cinoin. 
8oc  Nat.  Hist.  (April  No.),  p.  7,  PI.  1,  fig.  6.  Hadson  Rirer  gr.  Middle- 
town,  Ohio. 

•1859.  Bfttooer.  flmbriatns  Billings.  Geol.  Rep.  Canada,  Decade  ir,  p.  65,  PI.  9, 
figs.  8  a,  b,  c.    Hudson  Rirer  gr.    Island  of  Antieosti. 

*1881.  Bfttooer.  graeilii  Wetherby.  (Olyptoor.  graeilii)  Now  in  press.  Cinoin. 
Joarn.  NaL  Hist.,  PI.  ii,  figs.  3,  2  a.    Hudson  Bi?er  gr. 

n868.  Bftttoor.  O'Vealli  Hall.  Proposed  type  of  the  genns.  (Olyptoer.  O'Vealli) 
Deio.  New  Sp.  Crin.,  p.  2 ;  also  24th  Rep.  N.  T.  St.  Cab.  Nat.  Hist.,  p.  206, 
PI.  6,  figs.  18, 19 ;  Meek,  1878,  Geol.  Rep.  Ohio,  Paleont.,  i,  p.  34,  PI.  2,  figs. 
8  a,  b,  0.    Upper  part  of  the  Hadson  Rirer  gr.     Lebanon,  0. 

*1880.  Sotooer.  BiihsrdBoni  Wetherby.  (Olptoer.  Bieh«rdeeiii)  Joarn.  Cincin. 
Soc.  Nat.  Hist;  Desc.  New  Crin.  Cinein.  gr.,  PI.  16,  figs.  1  a-e.  Hadson 
Rirer  gr.    Clinton  Co.,  Ohio. 

*1859.  Beteoer.  sttlUrU  Billings.  Geol.  Rep.  Canada  Dee.,  ir,  p.  64,  PI.  9,  figs. 
4  a-e.    Trenton  limestone.    Ottawa,  Can. 


b.  Gltftabtsbites. 

4.  OLTPTAtTBB  Hall. 

1852.  Hall.    Paleont  N.  York,  ii,  p.  187. 

1888.  Hall.    Trans.  Albany  Inst,  iy,  p.  209. 

1879.  Hall.    28th  Rep.  N.  T.  Bt.  Cab.  Nat.  Hist.  (ed.  ii),  p.  183. 

1879.  Zittel.    Handb.  der  Paleont.,  i,  p.  875. 

The  genoB  Olypiaster  is  involved  in  some  confusion.  It  was 
founded  upon  a  specimen  from  the  Niagara  group  of  New  York, 
which  Hall  named  Oly piaster  hrachiaiuB.  In  the  type  specimen, 
the  plates  of  the  calyx  are. altogether  obscure  except  possibly  the 
basals,  which  were  stated  to  be  five  in  number.  The  specimen 
further  showed  five  highly  elevated  ridges  along  the  radial  por- 
tions of  the  calyx,  and  ten  long,  slender  arms,  which  are  com- 
posed of  a  double  series  of  interlocking  joints,  and  spread  out 
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hoTizcmtaUy  at  right  angles  to  the  walls  of  the  body,  without 
biftircations,  and,  according  to  figure,  without  pinnolee. 

Judging  from  this  description,  the  double-Jointed  arms  are  the 
only  characters  which  disthigmsh  the  genus  ttom  Olypi^erinus. 
The  next  two  species  referred  to  Olypta^tsr  were  G.  occidentaHs 
and  O.  inornatus^  both  described  by  Hall  firom  the  Niagara  gr.  of 
Waldron,  Ind.  In  these  specimens,  whieh  are  found  rather 
abundantly,  only  the  calyx  was  preserved,  while  the  vault  and 
arms  remained  unknown,  thus  leaving  it  somewhat  doubtfhl 
whether  the  two  Waldron  species  may  not  be  generically  distinct 
from  the  New  York  form. 

Olyptaster  is  closely  allied  to  Euorinus  Angelin,  indeed  so 
closely,  that  we  have  some  doubt  whether  the  two  should  not  be 
altogether  united  instead  of  being  separated  subgenerically,  as 
now  pursued  by  us.  So  far  as  known,  the  latter  form  differs  only 
in  having  tertiary  radials  and  additional  arms.  It  is  possible  that 
Qlyptaater  pentangularis  Hall  and  Glypiocr.  armo^Ue  McOhesney 
belong  to  the  subdivision,  the  two  species  are  only  known  from 
internal  casts,  which  are  unreliable  for  purposes  of  identiftoation, 
unless  accompanied  by  a  cast  of  the  external  mould. 

In  a  very  interesting  specimen  of  Olyptaster  inomaUin^  kindly 
loaned  us  by  Mr.  Wm.  P.  Gurfey,  of  Danville,  111.,  and  the  only 
specimen  known  to  us  in  which  the  vault  and  anal  aperture  have 
been  found  preserved,  we  notice  in  two  of  the  rays  on  the  side 
toward  the  interradial  spaces,  and  enclosed  by  them,  a  highly 
elevated  fixed  pinnule.  The  specimen  is  of  comparatively  large 
size,  and  as  the  interradials  in  this  species  have  no  conspicuous 
surface  markings,  these  pinnules  are  readily  recognized.  Both 
are  given  off  from  a  first  secondary  radial,  ^ich  thereby  takes 
the  form  and  aspect  of  a  bif\iroating  plate.  The  fillet  joint  of  the 
pinnule  is  rather  large,  and  the  ridge  0(r  elevatkm  i^pon  the  plate 
is  about  one-half  the  width  of  that  upon  the  radMs.  Two  more 
joints  follow,  likewise  enclosed  within  the  body  walls,  and  having 
a  ridge  equally  conspicuous,  though  narrower.  From  the  first 
jdint  of  the  pinnule  is  given  off  another  or  secondary  pinnnle, 
fixed  like  the  other  but  more  slender,  and  composed  of  at  least 
two  joints.  The  first  plate  of  the  primary  pinnule  has  altogether 
the  appearance  of  a  tertiary  i*adial,  and  is  given  off  in  a  like  man- 
ner, but  the  succeeding  plates,  though  somewhat  larger  than 
common,  resemble  more  those  of  ordinary  pinnules,  or  may  be 


:1B81.]  KATU&AL  iWISNOES  OF  PHILAZUELPHIA.  7^69 

.{described  as  intermediate  between  fixed  pinnule  plates  afid  radials. 
This  is  but  an  abaqrauil  gase,  but  it  gives  some  idea  how  in  the 
^orse  of  time,. among  species,  bifhrcating  radials  became  devel- 
.oped  from  pinnule-bearing  plates,  and  additional  arms  from  the 
proximal  pinnuli^. 

Oeneric  Diagnotfia. — ^Form  of  calyx  subturbinate  or  obconical; 
strongly  depressed  between  the  arm  bases ;  plates  delicate,  beaqti- 
fully  ornamented  with  granules  ai^d  striae,  the  radial  portions 
with  strong  ridges  or  costsB ;  anal  area  very  wide,  and  hence  sym- 
metry distinctly  bilateral. 

TJnderbas^s  .five,  small  but  not  rudimentary,  and  generally 
extending  beyond  the  column.  Baaals  five,  four  of  them  equal 
with  the  upper  side  angular,  the  fifth  larger  with  a  truncate  upper 
side  for  the  support  of  the  first  anal  plate.  Primary  radials  3  X  5, 
width  and  height  nearly  equal,  decreasing  in  size  upward.  The 
third  radials  support  two  rows  of  secondary  radials,  which  are 
separated  h^  one  to  three  interaxillary  plates,  the  latter  being 
perhaps  absent  in  young  specimens.  The  number  of  secondary 
radials,  like  in  the  Olyptocrinites,  is  variable,  difiering  among 
species,  and  increasing  with  age  in  the  individual;  their  exact 
number  is  rarely  ascertained,  as  they  pass  gradually  into  brachials 
uid  regular  arm  plates. 

Arms  ten,  simple  ?  and  composed  of  two  rows  of  interlocking 
pieces  with  pinnules. 

Interradial  arese  large,  and,  compared  with  the  preceding  genera, 
composed  of  fewer  and  larger  plates.  There  is  one  plate  in  the 
first  series,  which  rests  between  the  two  upper  sides  of  two  first 
and  between  two  second  radials ;  two  in  the  second  series,  on  a 
level  with  the  third  radials,  with  much  smaller  plates  above,  which 
connect  with  the  interradial  portions  of  the  dome. 

Anal  area  distinctly  wider.  The  first  anal  plate  resting  upon  the 
truncate  posterior  basal,  and  between  two  adjoining  first  radials ; 
there  are  three  plates  in  thCjSecond,  and  four  or  five  in  each  suc- 
ceeding series.  Above  the  level  of.  the  third  primary  radials  the 
plates  are  bent  somewhat  inward,  the  anal  area  is  in  the  middle 
elevated  into  a  low  ridge,  at  the  sides  depressed. 

(The  vault  which  is  only  known  in  Olyptaster  inarnatus  is 
decidedly  pentalobate,  and  resembles  DorycrinuB  in  the  anal 
region.  Anal  opening  excentric,  protruding  and  reaching  some- 
what beyond  the  limits  of  the  vault,  not  extended  into  a  tube. 

25 
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Apical  dome  plates  well  defined  but  somewhat  displaced,  owing 
to  the  great  number  of  plates  which  surround  the  anus.  Radial 
regions  of  the  dome  prominent,  in  form  of  five  high  ridges  which 
bifurcate,  sending  a  branch  to  each  arm.  They  are  composed  of 
two  rows  of  rather  large  convex  and  elongate  plates,  transversely 
arranged,  which  in  branching  separate,  and  pass  on  as  two  single 
rows  of  plates. 

Interradial  dome  regions  depressed,  and  composed  of  small 
irregular  pieces. 

Column  round ;  central  canal  of  medium  size. 

Geological  Position,  etc, — Glyptaster  is  known  only  from  the 
Niagara  group.  Upper  Silurian,  of  America. 

We  recognize  the  following  species : — 

•1861  (?).  Glyptaster  amiosas  MoCbeiney.  (SuoalTptoer  armoiui)  Defc.  New  Pal. 

Grin.,  p.  95;  also  1807,  Olyptoor.  (!)  armosos,  Chicago  Aoad.  Soi.,  p.  23,  PI. 

7,  fig.  6;  Hall,  20th  Rep.  N.  T.  St.  Cab.  Nat.  HisL,  Pi.  10,  fig.  11.    Niagara 

limest.    Racine,  Wis.  * 

Syn.  Olytoor.  siphonatiu  Hall.    (Nor.)  1861,  Geol.  Rep.  Wit.,  p.  22  j  20th 

Rep.  N.  T.  St.  Cab.  Nat.  Hist.,  p.  828,  PI.  10.  fig.  11. 
01  armosus  was  described  from  internal  casts,  and  there  is  some  doubt  as  to 
its  specific  and  even  generic  character. 

1862.  GlyptatUr  braohiatus  Hall.    Type  of  the  genns.     Paleont.  N.  Y.,  ii,  p.  187, 

PI.  41,  fig.  4.     Niagara  gr.     Lockport,  N.  Y. 

1863.  GlyptasUr  inomatus  H»1I.    Trans.  Alb.  Inst., iv,  p.  205 :  also  28tb  Rtp.  N. Y. 

St.  Cab.  Nat.  Hist.,   1879  (ed.  ii),  p.  134,  PI.  14,  figs.  1-6.     Ningara  gr. 
Waldron,  Ind. 

1863.  Olyptastor  oooidtn talis  Hall.    Trans.  Alb.  Inst.,  i?,  p.  204;  alfo  20th  Rt-p. 

N.  Y.  St.  Cab.  Nat.  Hist,  p.  305,  and  28th  Rep.  1879  (ed.  ii),  PI.  13,  fig«. 
'    7,  11.    Niagara  gr.    Waldron,  Ind.,  and  Racine,  Wis. 

1864.  (?)  Glyptaster  pentangnlaris  Hall.    20th  Rep.  N.  Y.  St.  Cab.  Nat.  Hist.,  p. 

326,  PI.  10,  fig.  3  (advance  sheets  1864).     Niagara  gr.     Raeine,  Wis. 
The  species  was  described  from  casts,  but  probably  belongs  to  this  genus. 

Sabgenns  SUCBIHITS  Angelin. 

1878.  Angelin.    Iconogr.  Crin.  Suec.,  p.  fH, 

1879.  Zittel.    Handh.  der  PaliBont.,  i,  p.  875. 

Syn.  Bhodoerinu8  Schultze  1866  (in  part).    Echin.  Eifl.  Ealk,  p.  57. 
Syn.  Dimeroerinui  (in  part)  FhiUips,  1889 ;  d'Chrbigny,  1850  and 
1852 ;  Rctet,  1857. 

Eucrinus  agrees  with  Glyptaster  in  the  form  of  the  calyx,  the 
style  of  ornamentation,  and  size  and  form  of  underbasals.  It 
also  has  3X5  primary  radials,  and  an  elevated  ridge  all  along  the 
radial  regions,  but  differs  in  having  tertiary  radials — from  one  to 
two  or  more — and  four  arms  to  each  r^y.    There  is  no  departure 
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in  the  arrangement  of  the  interradial  plates,  the  first  anal  stands 
in  line  with  the  first  radials,  and  is  succeeded  by  three  plates  in 
the  second  series,  and  other  plates  above. 

In  all  known  species,  the  median  row  of  anal  plates  is  arranged 
!«/ngitudinally,  somewhat  curved  toward  the  margins,  and  slightly 
elevated  in  form  of  a  ridge  above  the  general  level  of  the  otlier 
plates,  as  in  the  case  of  Olyptaster  inornatus  and  several  other 
species. 

We  place  here  Schultze's  Bhodacr.  quinquelobua,  it  being  the 
only  species  of  this  group  in  which  the  construction  of  the  vault 
is  known.  The  dome  is  composed  of  small  plates,  central  dome 
plate  crowned  with  a  short  spine,  anus  excentric,  almost  lateral, 
and  not  prolonged  into  a  proboscis. 

Arms  are  rather  strong,  composed  of  two  series  of  interlocking 
pieces. 

Column  round ;  central  canal  of  medium  size. 

Oeological  Position^  etc. — Eucrinus  has  been  found  in  Sweden  in 
rocks  of  the  Upper  Silurian,  in  Germany  in  the  Stringocephalen- 
kalk  of  the  Eifel.  Two  of  Angelinas  species  have  been  referred 
to  our  new  genus  Anthemocrinus.  We  recognize  only  tl^e  follow- 
ing species ; — 

*1839.  XuorlBUS  ioosidaotylui  Phillips.     (Dimoroor.  ioosidaotylus)  Murcbison^s 

Silur.  SyBt,  p.  673,  PI.  17,  fig.  5:  D'Orbigny.  1850,  Prodr.  de  Pal^ont.,  i,  p. 

46;  Piot6t,  Trait6  de  Pal^oDt..  iv,  p.  142.     Upper  Silariao.     Dudley,  Eng. 
1878.  Xuor.  interradialis  Angelin.    loonugr.  Crin.  Suee.,  p.  25,  Pi.  6,  fig.  6,  and  PI. 

19,  figf.  1,  7,  8.     Upper  Silarian.     OothlaDd,  Swe  ien. 
1878.  Xuor.  Iwis  Angolin.     Type  of  the  genu«.     Ic  inogr.  Crin.  Succ,  p.  25,  PI.  A, 

figf.  8,  8  a.     Upper  Silurian.     Gothland,  iSweden. 
1878.  Xuor.  qninquangularis  Angelin.     Tconogr.  Crin.  Succ.  p.  25.  PI.  10.  figx.  5, 

14.     Upper  Silurian.     Gothland,  Sweden. 
*1867.  Snor.  qniiiquolobui  Sjbultie.    (Rhodoor.  quinqualobnt)  Eohin.  Eifl.  Kalk, 

p.  57,  PI.  7,  fig.  6.     Devonian.     Eifel,  Germ. 
1878.  Xuer.  omatos  Angelin.     Iconogr.  Crin.  Suec.  p.  25,  PI.  6,  fig.i.  7  a,  b.     Upper 

Silurian.     Gothland,  Sweden. 
1878.  Snor.  ipeoiotus  Angelin.     Icuno:;r.  Crin.  Su«h3..  p.  25,  PI.  19,  fig«.  2,  2  a,  and 

PI.  23;  figf.  7  ft,  b,  and   PI.  26 :  figs.  26,  26  a,  an  1  PI.  27  ;  fi;<.  2.     Upper 

Silurian.    Gothland,  Sweden. 

5.  DIKSBOC&IVTre  Phillips. 

1889.  Phillips.    Murchison's  Silnr.  Syst,  p.  674  (in  part). 
1841.  Mfiller.    Monatsber.  Berl.  Akad.,  i,  p.  208  (in  part). 
1850.  D'Orbigny.     Prodr.  de  Paleont.,  i,  p.  46  (in  part). 
1852.  D'Orbigny.    Cours.  ^Um,  de  Pal^ont.^  ii,  p.  142  (in  part). 
1857.  Pict^t.    Traits  de  Paleont.,  iv,  p.  318  (in  part). 
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1879.  Zittel.    Handb.  der  PalsBontn  i«  p.  868  (in  part). 

(Not  Pacht,  1858.    Verh.  Kaiaerl.  Ruaa.  GeaelUoh.,  p.  202.) 
8yn.  Thy$anocrinu$  Hall,  1852.    Paleont.  N.  York,  ii,  p.  188. 
(Not  Thyianocrinui  (Bhodoer,)  Billings.    Geol.  Suit.  Canada  for 
1858  to  1856,  p.  202.) 

The  name  Dimerocrinua  >wa8  given  by  Phillips  to , two  speoies 
from  Dudley,  England,  which  are  known  as  D.  decadcu;tylu8. and 
D.  icosidactylus^  and  which  were  figured  without  specific  or 
generic  definition.  The  genus  has  been  generally  accepted,  but 
is  since  described  as  having  only  one  ring  of  plates  beneath  the 
radials,  and  this  variously  by  different  writers  as  composed  of 
either  three  or  five  plates. 

We  have  carefully  examined  the  two  species,  and  find  that  thiey 
t>oth  have  underbasals.  Those  of  D.  decadactyltts  are  placed 
within  a  rather  deep  concavity,  formed  between  the  bosals  and 
hidden  by  the  column,  exactly  as  some  species  described  .and 
figured  by  Hall  under  his  genus  Thyaanocrinus^  which  we  tafce  to 
be  a  synonym  of  Dimerocrinits.  Phillips'  2).  icosidactylu9 -is 
generically  distinct,  and  has  been  referred  by  us  to  Eucrmw. 
Very  closely  allied  is  FaielliocrinuB  Apgelin,  which  Zittel  rUnitas 
with  Dimerocrinus ;  the  two  genera  resemble  each  other  most 
remarkably,  but  the  former  can  readily  be  separated  by  its  three 
basals  and  the  absence  of  underbasals. 

Generic  Diagnoais. — Body  small,  calyx  short,  subglobose  or 
conical ;  plates  not  numerous,  sur&ce  less  ornamented  than  in  the 
preceding  genera,  smooth  or  indistinctly  granulose;  symmetry 
bilateral. 

Underbasals  five,  small,  arranged  within  a  concavity,  which.is 
nearly  or  entirely  filled  by  the  column.  Basals  five,  four  of  them 
(*qual,  angular  above ;  the  fifth  truncate  and  supporting  the  first 
anal  plate.  Primary  radials  3X5;  the  first  almost  as  large  as 
the  second  and  third  together  and  considerably  wider,  the  two 
lower  sides  making  an  angle,  which  rests  deeply  between  t)ie 
basals ;  lateral  sides  short,  the  first  interradial  is  almost  touching 
the  angle  of  the  basal  platen ;  second  radials  more  or  less  quad- 
rangulary^wider  than  high ;  the  third  radials  giving  off  two  or 
three  secoiidary  radials,  of  the  form  of  arm  plates,  of  which  each 
one  supports  an  arm.  Pinnules  strong,  less  closely  arranged  than 
usually  in  this  family,  their  joints  rounded,  two  or  three  timfis  .as 
long  as  wide. 
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Interradial  arefe  composed  of  bat  few  plates,  the  first  one  large, 
placed  between  the  second  radials,  and  leaning  partl}^  against  the 
third,  with  two  small  plates  above.  Posterior  or  anal  area  wider, 
the  first  plate  in  line  with  the  first  radials  and  of  the  same  size ; 
it  is  followed  by  three  plates  in  the  s^ond  series  and  several 
smaller  ones  above,  the  upper  ones  connecting  with  the  vault. 
Vault,  and  form  of  the  anus  unknown. 

Cfeologieal  Position^  etc. — The  only  three  known  species  are 
Upper  Silnrian,  Arom  the  age  of  the  Niagara  group. 

1819.  DinMroorimis  dMadaetylui    Phillips.     Type  of   the   genus.      Mu'-chinon's 

SUur.  Sjret.,  p.  674,  PI.  17.  fig.  4;  d  Orbignj,  1850,  Prodr.  de  Paleont..  i,  y. 

49 ;  Pfet^r,  Tmit^  de  Paleont.,  i,  p.  358.     Upper  Silurian.     Dndlf y,  Eng. 
•1S51  Simeroor.  liliiformit  Hall.     (Thys&noor.  liliiformii)  Paleont.  N.  T.,  ii,  p. 

188,  Ph  42,  figs.  1  n-f.    Niagara  gr.     Lockport,  New  York. 
*lSi2.  DiiMroer.  immAturut  Hall.     (Thyianoor.  immatiirui)  Paleont.  N.  Y.,  ii, 

p.  191,  PI.  42,  figs.  4  a-f.    Niagara  gr.     Lockport,  N.  Y. 

6.  LAXPTSROCBIinTS  Aoemer. 

1800.  Roemer.    Bilur.  Fauna  West.  Tenn.,  p.  87. 

1868.  Hall.    Trans.  Albany  Inst,  iv,  p.  202. 

1868.  Hall.    20th  Rep.,  N.  Y.  8t.  Cab.  Nat.  Hist,  p.  828. 

Syti.  Balano€r(nu»  Troost^  1^50   (not  Agaasiz,  1846),  Cat.  Foss. 
Tenn. 

Hall,  in  comparing  the  genera  Olyptocrinus^  Olyptaster^  Balan- 
ocrinus  and  Lampterocrinus  (Trans.  Albany  Inst,  iv,  p.  202), 
considered  the  last  two  identical,  and  that  the}'  differ  from  the 
former  in  having  larger  underbasals.  He  then  discriminated  in 
fkvor  of  Troost^s  Catalogue  name^  but  afterwards  in  the  20th 
Rep.  N.  Y.  St.  Cab.,  p.  320,  he  very  properly,  recognized  the 
priority  of  Roemer's  name  Lampterocrinus.  A  difference  as  above 
stated  would  scarcely  be  sufficient  to  warrant  a  generic  separation, 
but  we  think  this  genus  is  separable  from  the  other  two  by  other 
and  more  important  characters  than  those  noted  by  Hall.  Lamp- 
UrocrinuH  differs  from  Glyptocrinus  in  the  arrangement  of  its 
anal  plates,  and  in  having  an  anal  tube ;  from  Olyptaster  in  the 
anal  and  arm  structure,  and  from  both  of  them  in  the  size  of  the 
basals  and  underbasals,  in  the  form  and  construction  of  the  vault, 
uid  in  the  pentagonal  column. 

Roemer  describes  Lampterocrinus  as  having  four  primary 
radials,  the  fourth  bifurcating  and  excavated  for  the  reception  of 
an  arm.    This  is  not  quite  in  accordance  with  our  views,  we 
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think  the  so-called  fourth  radial  is  an  arm-bearing  secondary 
radial,  which  is  given  off  in  a  similar  manner  as  is  the  plate  which 
supports  the  first  arm  in  Steganocrinus  sculptus  (PL  18,  fig.  3); 
this  explains  snflfleiently  the  form  of  the  third  radials,  which  are 
here  truncate  above  instead  of  axillary  as  usually.  The  arms  are 
unknown,  but  we  judge  from  the  enormous  size  of  the  so-called 
arm  openings,  which  fonn  large  breaks,  that  the  body  in  this  genus 
was  extended  into  lateral  appendages,  and  gave  off  numerous  arms. 

Generic  Diagnosis. — Body  oblong,  contracted  between  the  arm 
bases,  except  the  posterior  side,  which  toward  the  dome  bulges 
considerably,  thereby  producing  some  irregularity  in  the  general 
form.  Calyx,  cup-  or  urn-shaped,  beautifully  ornamented  with 
radiating  strise. 

Underbasals  five,  forming  a  pentagon,  the  plates  of  equal  size, 
quadrangular,  the  sides  of  the  outer  angles  shorter.  Basals  five, 
large,  sometimes  fully  as  large  as  the  first  radials,  four  of  them 
equal  and  angular  above,  the  posterior  one  considerably  higher 
and  its  upper  side  truncate.  Primary  radials  3(?)  X  5,  wider 
than  high,  all  three  hexagonal  and  with  truncate  upper  side, 
decreasing  in  size  upward ;  the  third  not  more  than  one-fourth 
the  size  of  the  first.  Higher  orders  of  radials  unknown,  but 
probably  formed  into  free  ra)'s  which  give  off  arms  laterally. 

The  interradial  plates  extend  uninterruptedly  into  the  vault, 
those  of  the  calyx  and  vault  being  undistinguishable  ;  indeed,  in 
this  genus  it  almost  appears  as  if  the  interradial  pieces  of  the 
calyx  extend  up  to  the  proximal  vault  pieces.  The  first  inter- 
radial rests  slightly  between  the  upper  sloping  sides  of  the  first 
and  between  the  second  radials,  with  a  number  of  series  above, 
composed  of  two  or  three  plates  each.  The  first  anal  plate  rests 
directly  upon  the  posterior  basal,  which  is  of  such  great  height 
that  the  upper  side  of  the  anal  is  horizontally  in  line  with  the  top 
of  the  first  interradial.  There  are  three  plates  in  the  second  and 
all  succeeding  series,  arranged  longitudinally,  forming  three 
rows,  of  which  the  plates  of  the  median  one  are  wider  and  marked 
by  an  elevated  ridge. 

Form  of  the  vault  unsym metrical,  bulging  at  the  posterior 
side,  with  a  subcentral  anal  tube ;  plates  rather  large  and  nodose, 
the  radial  ones  decreasing  in  size  toward  the  arms. 

The  apical  dome  plates,  although  not  distinguished  by  size,  are 
readily  recognized  by  their  position.  Length  of  anal  tube  unknown. 
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Column  pentagonal,  central  canal  very  small. 
Geological  FosUion^  etc. — Lampterocrinua  is  only  known  from 
the  Niagara  groap  of  America. 

IMl.  lampterooriaiu  inflatiu  Hall.    (Balanoor.  inflatiu)  0«ol.  Rep.  Wis.  (Rep. 
of  Progreu),  p.  22;  Lamptoroer.  iniUtiii,  1868,  20th  Rep.  N.  Y.  St.  Cab. 
Nat.  Hist.,  p.  828,  PI.  10,  flg.  8.    Niagara  gr.    Racine,  WiBoonsin. 
This  species  is  described  from  iotemal  oasts,  but  there  can  be  no  doubt  as  to  its 
generic  identity  ;  the  specific  characters,  howerer,  are  undetermtoable. 
1880.  Lampteroor.  TtnaeiMoniii  Roemer.     Tjpe  of  the  genus.      Silur.   Fauna 
West.  TeoD.,  p.  37,  PI.  4,  figs.  I  a,  b.     Niagara  gr.    Western  Tennessee. 
Syn,  BaUnoor.  tenlptiu  Troost,  1850.    Catalogue  name. 

7.  8AGEV0CBIHTT8  Angelin. 

1848.  Austin.    Ann.  and  Mag.  Nat.  Hist.  (ser.  i),  xi,  p.  205. 

1857.  Pict^.    Traits  de  Pal^nt,  iv,  p.  828. 

1878.  Angelin.    loonogr.  Crin.  Suae,  p.  8. 

1879.  Zittel.    Handb.  d.  PaUeont.,  i,  p.  875. 

Syn.  Bhadocrintis  (in  part)  Miller,  1821;  AetinoerinuM  (in  part) 
PhillipB,  1889 ;  Salter,  1859,  Qlyptoerinus  d'Orbigny  (not  Hall), 
1850,  Prodr.,  i,  p.  46. 

Syn.  Megistoerinus  Angelin  (not  Owen  and  Shumard),  1878,  Iconogr. 
Crin.  Suec.,  p.  8. 

The  genus  Sagenocrinus  was  based  upon  a  species  from  Dudley, 
England,  which  had  been  referred  by  Miller  to  his  Rhodocr, 
ver%L%^  and  which  he  believed  to  occur  both  in  the  Subcarboniferous 
and  the  Upper  Silurian.  The  Subcarboniferous  specimens  are 
now  conceded  to  be  distinct,  constituting  the  type  of  BhodocrinuSj  • 
and  they  have  in  contrast  to  the  Silurian  forms  the  arms  con- 
structed of  double  joints.  The  Silurian  species,  with  three 
underbasals  and  single  arm  joints,  was  separated  by  Phillips  as 
Actinocr.  expanaua,  and  in  1843  was  made  by  Austin  the  type  of 
Sagenocrinus.  Miller's  figure  i,  p.  106,  is  evidently  ideal,  made 
up  from  the  arms  of  Sagenocr,  expansus^  and  the  body  of 
Rhodocr,  verus. '  The  body  in  the  former  has  perfectly  smooth 
plates,  and  the  latter  has  certainly  not  single-jointed  arms,  as 
these  do  not  occur  in  this  family  beyond  the  Silurian.  Sageno- 
crinus differs  from  Bhodocrinus  in  having  only  three  underbasals, 
in  the  form  of  the  body,  and  in  the  arm  structure.  It  is  possible 
that  Wirtgen  and*  Zeiler's  Rhodocr.  gonatodes  is  a  Sagenocrinus 
if  not  a  Thylacocrinus.     The  species  is  only  known  from  casts. 

Austin  places  Sagenocrinus  with  the  Periechocrinidae,  Pict^t 
with  the  Actinocriniens,  Angelin  in  a  family  by  itself,  which  he 
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arranges  systematically  next  to  the  Talxocrihidfie.  ft  cannot  be 
denied  that  Sagenocr.  expansus^  id  its  g^n^ral  stracCure,  and  pitr- 
ticalarly  in  the  arms,  resembles  some  species  of'  TaJscocrinus,  bdt 
the  body  lacks  entirely  the  articulate  structure.  Zittel  places  it 
in  a  subdivision  of  the  Glyptocrinids. 

Generic  Diagnosis — General  form  including  arms,  oblong. 
Calyx  cyaihiform ;  without  ridges  along  the  radial  regions,  and 
without  marked  surface  ornamentation;  symmetry  slightly  bi* 
lateral. 

Underbasals  three,  unequal,  anchylosed,  fbnhing  a  pentagon. 
Basals  five,^  differing  somewhat  in  form,  generally  four  of  them 
acute  above,  the  fifth  truncate.  Prlmaiy  radials  3  X  5,  of  nearly 
equal  size,  the  first  and  third  of  a  like  fbnfi,  but  reversed. 
Secondary  radials  4  X  10,  rather  largt^,  their'  uppWr  and  lon^crtr 
sides  parallel.  The  upper  plate  biftircating,  giving  off  from  eacb 
side  a  primary  arm — making  twent}-  in  all— which  at  intervals 
divide  again.  The  branches  are  toward  the  inner  side  of  the  ray, 
and  remain  simple  throughout.  The  arms  taper  rapidly  near  the 
ends,  and — ^if  the  fragment  figured  by  Angelin,  Iconogr.,  PI.  28, 
fig.  8,  belongs  to  this  genus,  of  which  we  entertain  some  doubt — 
the  upper  parts  coil  spirally  inward  once  or  twice.  They  are 
composed  of  single  joints,  which  are  wide' and  short,  quadrangu^ 
lar,  with  sutures  nearly  parallel,  except  the  bifurcating  platee 
which  are  depressed  pentagonal.    Pinnules  shorts  (Angelin). 

Interradial  spaces  not  depressed,  plates  numerous,  composed 
of  four  or  more  series  of  two  plates  each,  very  gradually  decreas- 
ing in  size.  The  first  plate  rests  deeply  between' the  first  radials, 
almost  touching  the  upper  angle  of  the  basids.  The  first  anid 
plate  rests  upon  the  truncate  side  of  the  posterior  basal,  support^ 
ing  two  plates  in  the  second,  and  three  in  Uie  l^ird  series.  Intei^ 
axillaries  one  or  more. 

General  form  and  structure  of  the  vault  not  known,  but  it 
evidently  was  elevated  near  the  arm  regions,  and  composed  of  a 
large  number  of  small  plates.    Anus  unknown. 

The  column,  according  to  Angelin  (PL  27,  fig.  8),  is  tripartite  (?) 
and  perforated  with  a  large  pentalobate  canal. 

^  Angelin  gives  the  nomher  of  hasals  (parabasals)  as  six,  which  is  evi* 
dently  a  mistake,  nor  do  we  helieve  that  the  sixth  plate  represents  an  anal 
plate,  as  no  plate  of  that  kind  has  ever  heen  observed  below  the  line  of 
riidials. 
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18S9.  SftgtBoerimiii  axpABini  Phillips.  (AoUnooh  tzpaiiliu)  MarohisonV  Silur. 
Syit.,  p.  974,  PL  17.  ffg;  9 ;  Austin,  1849,  BagVBOer.  «XpftUiit  Add.  and  Mag. 
Nat  HisC,  zi  (ser.  i),  p.  205 ;  Morris,  1843,  Cat.  Brit  Foss.  (e<L  i),  p.  68 ; 
d'Orbigny,  1860,  OtyptMr.  tsq^ani iu,  Prodr.  de  Paleont.,  i,  p.  40 ;  PiotOt, 
1857,  Bftftooor.  txpantiu,  Traits  le  Pal6oiit.,  ir,  p.  323 ;  Salter,  1859, 
Olyptoor.  ezpaaiiu,  Silur.  Syst  (%d.  ii),  p.  512,  PI.  15,  flgt.  1,  2;  Angelin, 
1878,  looD.  Criit.  Sum.,  p.  8,  PL  15,  flgs.  6, 8  and  (?)  PL  27,  figs.  8  a,  b  and  (?) 
PL  28,  fig.  8.  Upper  Silur.  Dudley,  England. 
Ssn,  Bkodtor.  T^TXLM  Miller  (in  part).  Nat  Hist  of  Crin.,  p.  100,  PL  1, 
flg.  1  a.    Dudley,  Engl. 

e,  Rhodocbinxtbs. 

8.  LTAIOOBINUB  Hall. 

1863.  HftU.    P^eont  New  York,  ii,  p.  197. 

1857.  Pict^    Traits  de  Pal^ont,  iv,  p.  829. 

1886.  Shumard.    trans.  Aoad.  Sci.  St  Louis,  ii,  p.  879. 

1867.  Hall.    20th  Rep.  K.  T.  St  Cab.  Nat  Hist,  p.  825. 

18t9.  Hall.    28th  Rep.  N.  T.  St  Cab.  Nat  Hist  (ed.  ii),  p.  189; 

Syn.  Manupioerinitei (TtotTm\.)y  Hall  1848.    Geol.  4th Distr.  NeW 

York,  p.  114. 
Syn.  Bhodocrinui  (not  Miller),  Hall  1868.     Tians.  Albany  Inst.^ 
p.  198. 

The  genus  Lyriocrinwf  was  proposed  for  a  species  which  had 
been  previously  described  by  Hall  under  Marsupiocriniies.  It 
was  supposed  to  possess  only  one  ring  of  plates  beneath  the 
radials,  but  when  afterwards  five  small  underbasals  were  dis- 
covered, it  was  referred  by  Shumard  (1866)  subgenerically  under 
Bhodocrinus,  and  this  arrangement  was  adopted  by  Hall.  Lyrio- 
orinusiB  at  least  as  distinct  from  Bhodocrin  us  as  either  Glypfocrinua 
or  6rZyp^a8^er,  which  those  authoreaicknowledge  as  genera  without 
question. 

In  1863 — Trans.  Albany  Ikist.,  p.  198^nall  described  as 
Bhodocr.  melissa  a  new  species  from  Waldfon,  Ind.,  which  we 
have  always  suspected  to  b^  closely  allied  to  LyriocrinuSy  and 
which,  as  we  have  lately  ascertiiined  to  our  satisfhction,  belongs  to 
that  genus.  We  are  indebted  to  Wm.  F.  Guriey ,  Esq.,  of  Danville, 
HI.,  for  the  Iban  of  some  excellent  specimens,  which  enabled  us  to 
examine  not  only  the  construction  of  the  arms,  but  also  of  the 
vault  which  was  heretofore  imperfectly  known.^ 

Pict^  places  this  genus  under  the  Oarpocrinldae,  Zittel  under 

'  In  the  second  edition  of  the  28th  Rep.  New  York  St.  Cab.,  which  came 
to  hand  after  this  was  written ;  also  Hall  infers  that  species  but  paren- 
thetically to  Lyrioerinui. 
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Angelinas  Calyptocrinidse,  with  which  it  has  some  superficial 
resemblance  in  the  form  of  the  calyx,  and  in  the  arrangement  of 
the  radial  and  interradial  plates,  but  from  which  it  is  otherwise 
very  distinct.  Its  closest  affinities  are  with  Bipidocrinua  Beyrich, 
in  which,  however,  the  arms  are  very  diff^erently  constructed. 

Generic  Diagnosis. — Form  of  calyx  depressed,  subglobose,  or 
nearly  hemispherical ;  symmetry  more  or  less  perfectly  equilateral. 
Plates  heavy,  their  surface  flat  or  sometimes  a  little  concave, 
smooth,  or  finely  granulose.  Vault  very  low,  scarcely  rising  above 
the  height  of  the  calyx. 

Undcrbasals  five,  very  small,  abruptly  and  deeply  depressed, 
concealed  by  the  column.  Basals  five,  of  uniform  size,  either 
heptagonal  and  supporting  upon  the  upper  truncate  side  the  first 
interradial,  or  four  of  them  hexagonal,  angular  above,  and  only 
the  posterior  one  truncate  for  the  support  of  the  first  anal  plate. 
Primary  radials  3  X  5,  of  nearly  equal  size ;  the  first  pentagonal; 
the  second  and  third  hexagonal.  The  latter  is  truncate  above, 
and  supports  within  the  axil  of  the  secondary  radials  which  are 
given  off  from  the  upper  sloping  sides  of  the  primary  radials, 
a  comparatively  large,  elongate,  hexagonal  interaxillary  plate, 
which  extends  to  the  height  of  the  first  arm  joints.  Secondary 
radials  2X10,  the  first  large,  pentagonal,  the  second  shorter,  and 
supporting  the  arms. 

Interradial  plates  four  to  five,  in  three  series ;  the  first  large, 
heptagonal ;  the  two  plates  of  the  second  series  a  little  smaller 
than  the  first,  but  yet  comparatively  large;  the  third  series  small, 
composed  of  one  or  two  plates,  which  are  enclosed  by  the  secon- 
dary radials.  The  anal  area  is  frequently  not  distinct  from  the 
four  others,  but  it  has  occasionally  three  plates  in  the  second 
series.  The  plates  of  the  lower  calyx  are  of  about  uniform  size, 
but  the  last  secondary  radials,  the  interaxillary,  and  the  upper 
series  of  interradial  plates  are  considerably  smaller. 

Vault  almost  flat,  composed  of  a  large  number  of  convex  plates, 
which  are  depressed  in  the  interradial  regions.  Anus  subcentral 
or  excentric,  in  form  of  a  strong  tube,  constructed  of  similar 
plates  as  the  vault;  length  unknown.  Apical  dome  plates  well 
defined,  twice  as  large  as  the  other  vault  pieces.  Ambulacral  or  arm 
passages  directed  upward,  and  passing  at  the  edge  through  the 
vault.  Arms  ten,  which  remain  simple,  placed  wide  apart,  strong, 
gradually  tapering  to  the  tips,  and  constructed,  from  the  radials 


1881.]  NATURAL  80I1NGX8  OF  PHILADSLPHIA.  379 

up,  of  two  series  of  wide  and  short  interlocking  pieces.  Arm 
farrows  wide  and  deep ;  pinnules  present,  but  their  exact  form 
not  known. 

Column  round ;  central  canal  small. 

Geological  Position^  etc. — Lyrtocrinus  occurs  only  in  rocks  at 
the  age  of  the  Niagara  limestone  of  America. 

We  recognize  only  two  species;  L,  sculpHlis  Hall,  a  third 
species  is  described  from  mere  casts,  and  very  doubtful. 

1843.  Lyriooriaiu  daetyliu  Hall.   (KariapiooriBitei  daetylai)  Type  »f  the  genu9. 

Oeol.  Rep.  4th  Distr.  N.  York,  p.  114 ;  Hall,  1852,  Lyrioor.  dftotylm,  Pnleont. 

N.  Y.,  PI.  44,  flgs.  1  ft-g;  Piot^t,  1857,  TraiU  de  Pal^ont.,  it,  p.  329,  PI.  101, 

fig.  12.     Niagara  gr.     Lookport,  N.  York. 
1863.  Lyrioor.  mtllMa  Hall.    (Shodoor.  mtlista)  Trans.  Albany  Inst.,  p.  198 ;  also 

28th  Rep.  N.  Y.  St.  Cab.  Nat.  HUt.  (ed.  ii),  p.  139,  PI.  15,  figs.  18-22. 

Niagara  gr.    Waldron,  Ind. 

9.  BIPIDOOXnniB  Beyrioh. 

1879.  Zittel.    Handb.  der  Paleont,  i,  p.  877. 

8yn.  Rhodocrinu$  Gk>ldfu88.  Petrefact.  Germ.,  i,  p.  211 ;  Agassiz, 
1835,  Mem.  Sec.  Neuchat.,  i,  p.  196 ;  MuUer,  1841,  Verhandl.  d. 
Berl.  Akad.,  i ;  Roemer,  Verb.  Naturh.  Verein  f.  RBeiDl.,  viii,  p. 
858 ;  and  1855,  Leth»a  Geogn.,  ii,  p.  241 ;  Pict^t,  1857,  Traits  de 
Pal^nt.,  iv,  p.  814 ;  Schultze,  1867,  Ecbin.  Eifl.'  Ealk,  p.  53. 

Be3'ricb's  name  BipidocrinuSf  so  far  as  we  now  know,  was  first 
published  by  Zittel  to  include  Bhodocr,  crenatus  Goldf.  This 
species  differs  very  materially  in  the  arm  structure  from  Bhodo- 
crinus  as  established  by  Miller.  In  the  general  form  of  the  body 
and  the  arrangement  of  the  plates,  it  resembles  Lyriocrinus  Hall, 
but  the  arm  structure  separates  them  widely. 

Oeneric  Diagnosis, — Calyx  cup-  or  urn-shaped,  sometimes 
subglobose,  lower  portions  more  or  less  truncate,  the  basals 
spread  out  horizontally  from  the  column ;  plates  heavy,  highly 
ornamented ;  symmetry  equilateral.  Body  extended  into  free 
rays  with  lateral  arms. 

XJnderbasals  five,  closely  anchylosed,  small,  forming  a  pentagon, 
deeply  depressed,  and  generall}-  hidden  from  view  by  the  large 
column ;  central  perforation  large,  peutalobate. 

Basals  five,  equal,  irregularl}'  hexagonal,  the  lower  side  in  line 
with  the  sides  of  the  innei*  pentagon ;  the  lower  lateral  sides,  by 
which  the  plates  are  united,  extremely  short;  upper  lateral 
margins,  which  enclose  the  first  radials,  unusually  long ;   upper 
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Bide  truncate  supporting  tlie  first  interradlal;  and  parallel  with 
the  lower  one.  Owing  to  this  construction,  the  basals  have  a 
subquadrangular  outline,  and  the  lower  angle  of  the  first  radial^ 
almost  touches  the  upper  angle  of  the  underbaetals. 

Primary  radials  3  X  5,  of  nearly  equal  size,  the  fl^t  pentagonal, 
the  second  hexagonal,  tlie  third  again  pentagonal;  and  support- 
ing two  secondary  radials  ( 2  X  10).  'fhe  first  plate  larger 
than  the  second,  the  latter  asiillary,  but  the  sloping  sides  not  Of 
equal  width.  The  longer  side,  next  to  the  middle  of  the  ray, 
supports  an  indefinite  number  of  radials,  and  these  extend  into 
free  appendages ;  while  the  other,  shorter  side,  gives  off  laterally 
the  first  arm.  There  are  two  of  tbese  appendages  to  each  ray, 
which  at  the  base  are  connected  by  one  or  more  interaxillary 
plates,  they  are  thick,  puffy,  cylindrical,  three  or  four  times  as 
long  as  the  body,  decreasing  in  width  upwards.  The  plates  which 
constitute  the  outer  or  dorsal  side  of  the  appendages  are  short, 
very  wide,  with  parallel  sutures,  and  from  them,  at  ceitain 
intervals — from  every  fourth  or  fifth  plate^  and  from  alternate 
sides — the  true  arms  arisen  The  latter  are  not  given  off  strictly 
laterally,  as  the  separation  from  the  main  trunk!  adtiially  begins 
in  the  median  portion  of  the  two  orthree  preceding' plates  of  each 
order,  which  shaW  more  or  less'  deep  oblique  incisions.  All  arms 
have  nearly  the  same  length,  and  hence  do  not  reach  the  same 
general  height,  those  nearer  the  body  are  comparatively  heavier. 
The  four  or  five  proximal  plates  of  the  first  arm  are  laterall}'  con- 
nected with  the  main  trunks  of  the  ray,  the  succeeding  arms 
become  detached  sooner,  and  the  upper  ones  are  free  from  their 
base  up.  Each  arm  tapers  to  a  sharp  point,  is  composed  of  two 
series  of  interlocking  plates,  with  closely  arranged,  sword-like 
pinnules. 

Interradial  series  composed  of  six  to  eight  plates;  the  first 
large,  heptagonal,  sup|)orted  upon  the  truncate  upper  side  of  the 
basals,  between  the  first  radials  and  the  lower  sloping  side  of  the 
second,  thus  separating  the  entire  radial  series;  the  second  range 
is  composed  of  two  somewhat  smaller  plates,  the  third  of  two  or 
three  pieces,  with  one  or  two  plates  above.  The  posterior  side  is 
but  rarely  distinct,  it  has  exceptionally  three  pieces  in  the  second 
series. 

Vault  scarcely  rising  above  the  limits  of  the  calyx,  slightly  ele- 
vated in  the  radial  regions.    It  is  constructed  of  an  immense 
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number  of  small  irregularly  arranged  plates,  which  decrease  in 
size  rapidly  toward  the  periphery.  At  the  edge  of  the  vault  there 
are  twenty  ambulacral  openings,  ten  of  which  are  larger  and  con- 
necting with  the  .ten  api^endages,  the  ten  smaller  ones  with  their 
first  lateral  arm.  Apical  dome  plates  well  developed,  much  larger 
than  the  rest  of  the  plates,  and  more  convex.  Anus  excentric,  in 
form  of  a  simple  opening. 

Column  heavy,  round,  sometimes  with  lateral  excrescences; 
central  canal  large,  pentalobate. 

Oeological  Position j  etc. — The  only  known  species  of  this  genus 
occurs  in  the  Stringocephalenkalk  of  the  Eifel. 

1826.  Bipidoeriniu  orenatni  Goldfufit.  (Bhodoor.  orenatni)  Petref.  Oerm.,  i,  p. 
211,  PI.  64,  fig.  3;  also  AgMsis,  1835,  Soo.  Neuch&t.,  i,  p.  196;  Roemer, 
Verh.  Naturh.  Vereio  f.  Rbf  inl.,  rVu,  p.  358,  PI.  1,  fig.  1,  and  Leth»a  Oeogo. 
ii,p.  241.  PI.  4,  flgfl.  17,  a-b;  Pio*^,  1857,  Trait6  de  Pal^ont,  ir,  p.  314,  PI. 
100,  fig.  10;  Scbaltxe,  1867,  Ecbin.  Eifl.  Kalk,  p.  53,  PI.  7,  figs,  la-n; 
Zittel,  1879,  QaDdb.dtr  Palaeoot,  p.  377,  fig.  263.  Devonian.  Eifel,  Germ. 
Sifn.  Bhodoer.  teitelUtiU  Stevninger.    Geogn.  Beaobreibung  der  Eifel,  p.  36. 

10.  THTLACOCEIiriTS  Oeblert. 

1878.  Oehlert.     Extract   da  Bull.  Soc.  G^ol.  de  France  (ser.  8),   vii, 

(November  No.). 

1879.  Zittel.    Handb.  d.  PalsBoat.,  i,  p.  875. 

This  genus  was  placed  by  Zittel  among  his  Glyptocrinidse,  but 
it  agrees  much  closer  with  some  species  of  Bhodocrinus,  from 
which  it  diflfers  in  having  very  much  longer,  heavier  and  undi- 
vided arms.  This  difference  would  perhai)s  entitle  it  only  to  a 
Qubgeneric  rank,  if  not  the  arms  in  the  Rhodocrinidse  genei*ally 
.were. short,  thin  and  bifurcating. 

Generic  Diagnosis. — Body  large,  globular.  Calyx  inflated  at 
.the  lower  part,  somewhat  constricted  toward  the  arm  regions ; 
plates  thin,  Qonvex,  without  special  ornamentation;  symmetry 
almost  equilateral. 

.Underbasals  five,  small,  forming  a  pentagonal  disk.  Basals 
five,  hexagqsnMv^PP^l'  ^^^  lower  sides  parallel,  the  lower  resting 
^against  the  atisaight  sides  of  the  inner  pentagon,  the  upper  sup- 
porting the  first  interradials.  Primary  i-adials  3X5;  the  first 
hexagonal ;  the  second  larger  than  the  first ;  the  third  supporting 
8  X  10  secondary  radials,  and  thene  in  turn  the  arms. 

Arms  heavy,  extremely  long,  five  or  six  times  the  height  of  the 
calyx,  simple  throughout.    The  proximal  joints  are  single,  quad- 
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rangular,  but  they  change  directly  into  wedge-form,  and  grad- 
ually into  a  double  series  of  interlocking  pieces.  Pinnules 
closely  arranged. 

Interradials  numerous,  the  lower  one  resting  upon  the  basals. 
There  are  from  ten  to  twelve  in  the  typical  species,  with  a  few 
additional  plates  at  the  anal  side. 

Dome  elevated,  composed  of  a  large  number  of  small  pieces. 
Anus  and  column  unknown. 

The  only  known  species  is : — 

Thylaooerinui  Oeblort.    Eztr.  da  Ball.  Soe.  G4ol.  de  France  (ser.  5),  t\\,  PI.  1,  fig.  I. 
Devon.     St.  Germain,  France. 

11.  AKTHKHOCRJAUB  nor.  gen. 
(dtn^e^iov,  a  bloesom  ;  Kpivov,  a  lily). 
Syn.  Eucrinui  Angelin.  (in  part).    loonogr.  Crin.  Suec. 

Among  the  species  described  by  Angelin  under  Eucrinus^ 
there  are  two  which  differ  materially  from  the  rest  in  having  only 
two  primary  radials,  a  single  interradial,  and  this  plate  resting 
directly  upon  the  basals;  also  in  the  arm  structure.  These 
characters,  in  our  opinion,  are  sufficient  to  justify  the  removal  of 
the  species  from  Eucrinus,  and  we  propose  to  establish  for  them 
the  genus  Anthemocrinus^  with  Angelinas  Eucr.  venustus  = 
Anthemocrinus  venustus  as  type. 

Generic  Diagnosis, — Calyx  depressed,  subglobose,  composed  of 
comparatively  few  plates,  which  in  both  known  specimens  are 
convex  and  striated. 

Underbasals  five  (Angelin),  small.  Basals  five,  large,  subequal, 
hexagonal,  the  upper  side  truncated  for  the  support  of  an  inter- 
radial plate.  Primary  radials  2X5,  both  i)entagonal,  wider 
than  high,  of  nearly  equal  size  and  similar  form ;  the  first  and 
second  meeting  by  straight  margins.  The  second  plate  supports 
upon  each  sloping  side  a  single  secondary  radial,  which  in  turn 
supports  a  heavy  arm,  this  soon  divides,  sometimes  a  second 
time,  and  the  branches  after  each  division  are  half  as  large  as  the 
arm  below.  All  the  arms  and  branches,  from  the  base  up,  are 
composed  of  two  rows  of  joints,  alternately  arranged,  very  slightly 
interlocking.  The  first  arm  joints  are  enclosed  within  the  body 
walls  by  one  or  two  interbrachial  plates.  The  branching  of  the 
arms  and  the  whole  arm  structure  is  very  similar  to  that  of 
Feriech  ocrin  us. 
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There  is  properly  only  a  single  plate  in  each  interradial  area, 
and  this,  as  stated,  rests  upon  the  truncate  upj^er  side  of  the 
hasals  between  both  primary  radials,  and  extends  to  the  arm 
bases.  It  is  the  largest  plate  of  the  entire  calyx,  hexagonal, 
higher  than  wide,  and  supports  upon  its  upper  side — between 
the  fMms — ^the  interbrachial  plates  above  mentioned.  The  anal 
area,  if  we  interpret  Angelinas  figure  correctly,  differs  in  having 
above  its  first  plate  a  row  of  smaller  plates,  longitudinally 
arranged  as  in  Oly piaster  and  Eucrinus^  and  these  support  the 
anus. 

Vault  and  anal  aperture  unknown.     Column  round. 

Geological  Position,  etc. — The  two  known  species  are  from  the 
XJpi>er  Silurian  of  Sweden. 

*  Anthemoorinai  minor  Angelin.    (Euor.  minor)  loon.  Grin.  Sneo.,  p.  25,  PI.  13, 

flg.  5,  Upper  Silurian.    <}otbIftnd|  Sweden. 
*Anthemoor.  Tonnitni  Angelin.     Type  of  the  genns  (Euor.  Tonustni).     To  n. 

Grin.  Suec.,  p.  25,  PI.  15,  figs.  7,  16.     Upper  Silurian.     Gothland,  Sweden. 

12.    BHODOCBIHUS  Miller. 

1821.  Miller.    Natur.  Hist,  of  the  Crinoidea,  p.  106. 

1885.  Agassii.    Mem.  Soo.  8ci.,  Neuchat.,  i,  p.  196. 

1841.  MOller.    Monatsb.  Berl.  Akad.,  i,  p.  209. 

1843.  AuBtin.    Ann.  and  Mag.  Nat.  Hist.,  x,  p.  109. 

1850.  D'Orblgny.    Prodr.  de  Pal^nt,  i,  p.  1C4. 

1858.  De  Konlnck  and  Lehon.    Recher.  Crin.  Carb.  Belg.,  p.  103. 

1855.  Roemer.    Leth»a  Gtoogn.  (Ausg.  3),  p.  240. 

1855.  Wirtgen  and  Zeiler.    Verb.  Naturb.  Verein  f.  Rbeinl.,  xii,  p.  11. 

1858.  Hall.    Oeol.  Rep.  Iowa,  1,  pt.  ii,  p.  556. 

1861.  Hall.    Best  Joum.  Nat.  Hist.,  p.  822. 

1879.  Zittel.    Handb.  der  Paleont,  i,  p.  376 

(Not  Bhodoerinui  Goldf.  1826,  Petref.  Germ,  i,  p.  212  ;  nor  Billings, 
1859,  Geol.  Rep.  Canada,  Decade  iy,  p.  61 ;  nor  Schultze,  1867, 
Ecbin,  Eifl.  Kalk,  p.  58;  nor  Roemer,  1851,  Verb.  Naturb. 
Verein  f.  Rbeinl.,  viii,  p.  358). 
Sjn.  Acanthoorinus  F.  Roemer.  1850,  Neues  Jabrb.  f.  Mineralogie 
p.  79  ;  Muller  (Wirtgen  and  Zeiler)  1855,  Verb.  Naturb.  Verein, 
xii,  p.  8 ;  Pict^t,  1857,  Traits  de  Pal^nt,  iy,  p.  100,  Hall,  1862, 
(subgenus  of  ShodoerinuB)  15tb  Rep.  N.  Y.  St.  Cab.  Nat.  Hist, 
p.  125. 

Bhodocrinus  verua,  according  to  Miller,  occurs  in  both  the 
Mountatn  limestone  and  in  the  Upper  Silurian,  and  it  was  said  to 
have  three  basal  plates.     As  we  have  before  shown,  Miller  con- 
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founded  two  very  different  species,  .which  have  since  bee: 
recognized  as  distinct  gen<^ra.  The  Silurian  form,  with  thre 
underbasals  and  single  arm  joints,  is  now  known  as  Sagenocf 
expansus  ;  the  Carboniferpns  form,  which  took  Miller's  specifi 
name,  is  universally  regarded  as  the  type  of  Bfiodocrinus^  havinj 
five  anderba9^Is  ipstead  of  three,  and  the  arms  co^iposed  of  tw< 
rows  of  interlocking  plates. 

Before  the  true  nnmber  of  undefrbasals  in  Rhodocrinus  wai 
ascertained,  Phillipsj  in  1836  proposed  for  soipe  allied  species,  ii 
which  he  discovered  five  proximal  plates,  the  genus  Oilbertso 
crinusj  but  these  .impedes  for  other  reasons  have  since  beei 
referred  to  OHacrinuJi,  which  was  proposed  by  Cumberland  ii 
1826.  Bhodocr.  crenatus  Goldfuss  has  been  referred  to  Bipido 
crinus^  and  Rhodocr.  quinquelobua  Schultze  to  EucrinuB, 

The  genus  Rhodocrinus^  as  now  restricted,  is  decidedly  Sub 
carboniferous.  The  few  Devonian  species  which  we  are  unable 
to  separate  from  it  bear  more  or  less  resemblance  to  Acantho- 
crinuH  Roemer,  and  have  been  partly  referred  to  that  genus  bj 
other  writers.  We  have  examined  with  great  care  the  figures  ol 
Acantkocr.  longiapinus  ft'om  Niederlahnstein  as  given  by  Wirtgen 
and  ^iler,  and  some  excellent  specimens  .of  our  own,  but 
have  failed  to  discover  any  charaoters  by  which  this  form 
may  be  separated  even  subgenerically.  The  spinous  projections 
on  the  apical  plates  (basals  and  .first  radials)  are  also  found  in 
some  of  the  Subcarboniferous  species  in  all .  degrees  of  variation, 
and  are  more  or  less  the  rule  in  Olhcrinus.  It  is  even  not 
improbable  that  Roomer's  imperfect  type  specimen  A.  longiftpinuSj 
which  was  said  to  be  from  the  Subcarboniferous,  is  really  fm 
OllacrinuSy  and  generically  distinct  from  the -Devonian  specimens 
which  Wirtgen  and  Zeiler  identified  with  that  species. 

The  two  Austins  placed  fihodocrinus  under  the  Actinocrinidse, 
D'Orbigny  and  Plct^t  ifnder  the  Cy^hocripidffi,  Roemer  and 
Zittel  made  it  the  type  of  a  fiE^mily. 

Generic  Diagnosis. — ^Body  subgloboae  to  semi-ovate,  often 
wider  than  high,  with  a  concavity  at  the  base,  which  (Vequently 
includes  not  only  basf^ls  but  partly  the  first  radial  plates.  Calyx 
constricted  toward  the  arm  bases,  its  symmetry  almost  perfectly 
equilateral ;  surface  of  plates  from  entirely  smooth  to  convex 
and  nodose,  or  striated  with  regular  nodeaor  spines  on  basal, 
first  radial,  and  first  interradial  plates. 
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Underbasals  five,  small,  spreading  horizontally,  and  hidden 
by  the  cohimn,  though  sometimes  slightly  visible  beyond  its 
periphery.  Basals  five,  equal,  comparatively  large,  heptagonal, 
upper  side  truncate.  Primary  radials  3X4,  generally  as  high 
as  wide,  decreasing  in  size  upward,  the  series  separated  laterally 
by  interradial  plates ;  the  first  heptagonal ;  the  second  fVom 
quadrangular  to  hexagonal,  according  to  the  size  of  the  first 
radials ;  the  third  irregular  in  form.  The  latter,  in  the  more 
depressed  Subcarboniferous  forms,  supports  only  flrom  one  to  two 
secondary  radials ;  in  Devonian  species,  there  are  sometimes  three. 
None  of  the  plates  project  outward,  the  upper  one,  which  is  also 
the  arm-bearing  plate,  is  excavated  at  its  upper  edge,  and  this, 
together  with  a  similar  excavation  in  the  corresponding  dome 
plates,  forms  an  oblong  ambulacral  passage,  two  to  each  ray, 
which  are  separated  by  an  interbrachial  plate.  The  arms  of  the 
different  rays  are  widely  separated ;  they  are  long,  delicate, 
cylindrical,  branching,  and  constructed  of  two  rows  of  alternate 
plates,  which  interlock  from  the  base  up.    Pinnules  small. 

Interradial  and  anal  aresB  very  wide  and  closely  similar,  the 
latter  having  sometimes  one  or  two  additional  plates  without  dis- 
turbing the  general  symmetry  of  the  body.  The  first  plates, 
which  are  large,  rest  upon  the  truncate  upper  side  of  the  basals, 
and  laterally  between  the  first  radials ;  the  second  and  third  series 
consists  of  ft'om  two  to  three  plates  each,  and  the  plates  are  of 
comparatively  large  size,  those  of  the  succeeding  series  much 
smaller,  and  passing  gradually  into  vault  pieces. 

Vault  fiat,  compressed  and  narrow,  owing  to  the  constriction  at 
the  upper  part  of  the  calyx;  composed  of  a  large  number  ol 
irregular  pieces,  among  which  the  apical  dome  plates  are  not 
easily  distinguished ;  radial  portions  generally  protuberant.  Anus 
excentric,  protruding  like  a  proboscis,  and  consisting  of  almost 
microscopic  plates,  possibly  capable  of  expansion  or  contraction 
by  the  animal. 

Column  round,  and  composed  near  the  body  of  very  uneven 
plates ;  perforation  small,  pentagonal. 

Geological  Position^  etc. — The  genus  Bhodocrinus  ranges  from 
the  Devonian  to  the  middle  portion  of  the  Subcarboniferous,  both 
in  America  and  Europe. 

We  recognize  the  following  species : — 
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1A44.  BkodowUu  ataomis  MoCoj.  Carb.  Foot.  Ii^mmI,  p.  180,  PI.  2$,  flf.  S. 
Mount.  liflMst.    Ireland. 

1 801.  VM^Vt,  Buriii  HalL   Dom.  Now  8p.  Crin.,  p.  9 ;  also  Boat  Joarn.  Nat.  filit., 

p.  898,  PI.  0,  ifs.  10, 17.    Uppor  BarHni^ton  Htaeot.    Burltegton,  Io#a. 
4^  ttodaer.  Barriai  Tar.  div«rs«ai  B»ll»  1801.    Doot.  MowSp.  eriB.,Tp. 

ft;  alio  Best.  Joarn.  Nat.  Hiat.,  p.  824,  PL  0,  flg.  18. 
A  oomparison  with  the  type  ipeoimen  and  with  othen  in  onr  eabinet,  proree 

beyond  dou^t  tliat  the  original  B.  Bmrrisi  was  deseribed  from  a  Tory  yomg 

•peoitnen,  Mid  this  explains  folly  the  eddftional  bifbroationhi  the  rarleCy^r 

vlderspeoiaen. 
1830.  Bhodoor.  -glohotma  Phillips.    (Aetiaoor.  globoimi)  OeoL  Yoi^shire,  p.  200, 

PL  4,  flgf.  20,  29.    Mount  limest    Yorkshire,  Engl. 
1855.  (?)  ShodOOr.  gonatodai  Wirtgen  and  2eiler.     Verb.  Naturb.  Verein  Jabig., 

zii,  p.'12,  P1.9,'1lg.8,  and  PL  4,  igs.  1,  2,  and  PI.  6,  fg.  8;  MttHer,  IbKL/pp. 

82,  28,  86,  PL  z,  fig.  1.    Grairwaeke.    Niederiahnetein,  Ctom. 
This  apeoies  is  only  known  from  oasts,  and  may  possibly  belong  to  jome  other 

allied  genns. 

1802.  BkOdoor.  graeilii  Hall.    (Bhodoer^— Aeaathoor.— fradlii)  15th  Bep.  N.  T. 

Cab.  Nat.  Hist,  p.  187.    Hamilton  gr.    Ontario  Co.,  N.  T. 

1801.  (?)  Bbodaor.  HaUl  Lyon.    Proo.  Aead.  Nat  Sei.  Phitau,  p.  418,  PL  4,«gs.  8 

a,  b.    Niagara  gr.    Near  LoniiTiUe,  Ey. 
This  species  is  certainly  not  Bhodoorlama,  but  the  type  speeimen  is  too  imper- 
fect'fbr  aeonrite  diagnosis. 

1890.  (?)'Bliodoer.  leafUplMi  A.  Roemer.  (AOABlhOOr.  loagtipiaa)  Neoee  Jalhrb. 
der  Mineralogie, .  p.  079,  PL  4^;  Wirtgen  and  Keiler,  1865,  Jahrb.  NaOurh. 
Verein.,  zii,  p.  8,  PL  2,  figs.  1,  2,  and  PL  3,  fig.  1 ;  also  Piet^t,  1867,  Traits 
de  PalOont,  It,  p.  814,  PL  100,  flg.  11.  Posidomyen  Sohiefer,  Hare.  (Roomer). 
Ofhuwaoke,  near'  Cobl^ni  (Wirtgen  and  ZeOer). 

1800.  BlMioor.'ttiiMUi  Meek  and  Wortlien.  PMc.  Aead.  N^.  Sei.  PMla.,  p.  984; 
-also,  1808,  OeoL  Rep.  UL,  iti,.p.  4re,  PL'18,  ikgs.  2,  a,  b.  Lower  B«riia«tvn 
limest.    Borlington,  Iowa. 

1802,  Rliodoor.  nodnloiiu  Hall.    (Aeiathoor.  nodaloiai)  15th  Rep.  N.  T.  St  Cab. 

Nat  Hist,  p.  120,'PL  1,  fig  8.    Hamilton  gr.    Ontario  Co.,  N.Tork. 
1808.  'BliadMr.'OpiBOfiif  HalL    Ifith-Rep.  N.  T.  St  Ciib.  Nat  Hist,  p.  I27,'9%0tog. 

Pis.,  1876,  PL  1,  ig.  10.     Hamilton  gr.    Ontario  Co.,  N.  T. 
1863.  Bhodoor.  itellarii  de  Eon.  and  Leh.   'Recher.  Orin.  Carb.  Belg.^  p.  109^  PL 

1,  figs.  14  a,  b,  e  (figured  by  Cumberland,  1819,  as  Bnorinus).    Moont 

Ihnest    Bristol,  BngL,  atfd  Toumay,  Beljg. 
1858.: Bhodoor.  MicrtiMlatas  de  Eon.  and  Leh.    Reeher.  CHn.  €arb.  Belg.,<p. 

107,  PI  1,  figs.  13  a,  b,  e.    Monat.  limestone.    Vis^,  Belg. 
1800.  Bhodoor.  TanoTiOBiii  Hall.    Supp.  OeoL  Rep.  Iowa,  p.  80.    Warsaw  Mmait. 

Warsaw,  III. 
i^,  ^Bhodoor.  TOraiUffller.    Type  of  the  ^entu.    Nat  Hist,  of  Crin.,  p.  107, -with 

figures;  Agafsii,  1835,  Mem.  Boe.^Sbi.-Neoohat,  i,  p.  190;  Roomer,  1885, 

Lethssa  Qe6gn.  (Aokg.  8),  p.  241,  PL  4,  «g8.  8a^e;    BrOnn,  Ibid«  <;ftvsg. 

I,  2).    Mount  limest.    Near  Bristol,  Bng. 

1879.  fihodoor.  TOiporalii  White.    Pruc.  U.  8.  National  Museum,  p.  252,  PL  1,  figs. 

II,  12.     Upper  Coal  Measures?  30  milts  west  of  Httdibolt,  Eans. 

We  doubt  if  this  fossil  came  firOm'  the  coal  measures,  neitfaer  Aefik»oerAi»t  nor 
Rhodocrinut  hare  ever  been  found  to  occur  la'er  than  the  age  of  the  Warsaw 
limestone. 
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Wil.  iUlfdQOr.iWulMailthi  Hall.    D«90.  New  6p.  Crin.,  p.  18.    Lower  Bariio|(t«D 

Uineet.    B^rliqgtoD,  Iqwa. 
1861.  UodOMOr.  White!  Hall.    Dew.  New  Sp.  Crio.,  p.  9  ;    Boit.  Journ.  Nat.  Hitt., 

p.  824,  Phot  Platea,  1875,  PI.  6,  flgf.  19,  SO,  SI. 
'Tar.  httriiairtoiiraaii    Hall.    Desc.  New  Pal.  Grin.,  IHl,  p.  9 ;    also  Boat. 

Jonrn.  Nat.  HisL,  p.  325.     Lawer  Burlington  limestone.    Burlington,  lowQ. 
1858.  Shodoer.  Worthani  Hall.    Oeol.  Rep.  Iowa,  i,  pt.  ii,  p.  5^6,  PI.  9,  figs.  8  a, 

b,  c.     Lower  Burlington  limest.     Burlington,  Iowa. 

13.  OLLACRnrUB  Cumberland. 

■  (PI.  18,  fig.  2,  and, PL  19,  fig.  1.) 

IgM.  CuniberlaQd.    Appendix  to  B^liquie  Conservata. 

1977.  Wachsmuth.    Amer.  Journ.  Sci.  and  Aits,  xiv,  p.  135. 

1879.  W^hsmuth  and  Springer.    Proc.  Acad.  Nat.  Sci.  Pbila.,  p.  261. 

1979.  ZitteL    Handb.  der  Paleont,  i,  p.  875. 

Syn.  OUberts&erinui    PhilL      Geol.    Yorkshire,    pt.    ii,   p.   207 ; 

d'Orbigny,  1850,  Prodr.  de  Paltont.,  i,  p.  156 ;  Meek  and  Worth., 

1866,  Geol.  Rep.  111.  ii,  p.  217. 

fi^.  Ooni€Ut$roiioerinu$  Lyon  and  Cassedi^.    Amer.  Joom^Soi. 

and  Arts,  voL  28  (ser.  2),  p.  288 ;  Heek  and  Worthen,  1869  (9i|b- 

, genus  of  OilbertBocriniiS)^  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  75  ai^d 

1878,  Geol.  Rep.  111.,  v,  p.  389. 

Syn.  Trematocrinui  Hall.    Supp.  Geol.   Rep.  Iowa,  p.  70 ;  Meek 

and  Worthen,  1860,  Proc.  Acad.  Nat.  Sci.  Phila.,  p.  888.      m 
Syn.  Bhodoerinus  (in  part)  de  Koninck  and  Lehon.    Recher.  Crin. 
Carb.  Belg.,  p.  104. 

The  form  under  consideration  was  first  made  known  by 
Cumberland  in  the  Appendix  to  his  Reliquifie  Conservata,  1826, 
under  the  n^me  Ollacrinus,  He  published  no  generic  diagnosis 
por. specific  name,  but  gave  excellent  figures,  b}'  w^hich  the  type 
represented  can  be  easily  identified.  It  is  characterized  by  ,a 
pent^merous  figure, concave  base,  flat  vault. excentric  anal  opening, 
spiniferous  first  radials,  and  by  large  oval-shaped  interradial  and 
.anal  spaces,  with  numerous  plates.  There  are  two  sets  of  openings 
in  »the  brachial  regions,  the  largest  supported  b}-  the  secondary 
i^adials^and  the  others  located  nearly  above  them,  being  smaller, 
^pd  perforated  directly  through  the  centre  of  pairs  of  plates  in 
the  jf^argin  of  the  vault. 

In  18.36,  Phillips,  in  the  Geology  of  Yorkshire,  proposed  tbe 
genus  Oilbertsocrinus,  and  included  in  it  Cumberland's  type, 
which  fte  described  as  G,  calcaratut^,  and  two  other  species. 
His  figures  are  fairly  good,  but  his  descriptions  are  very  meagre, 
4Uid  .ehow  no  essential  difference  from  Rhodocrinus.    They  contain 
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no  allusion  to  the  two  sets  of  openings,^  so  prominent  in  his 
figures,  but  he  apparently  considers  the  upper  openings  as 
belonging  to  ^^  rounded  arms,  perforated  in  the  centre.'^ 

De  Koninck  and  Lehon,in  1854,  declared  that  both  Ollacrintta 
and  Oilbertsocrintui  were  synonyms  of  Rhodocrinus  and  ought  to 
be  suppressed! 

In  1859,  Lyon  and  Casseday  described  a  new  species  of  this 
type  from  the  upper  Subcarbouiferous  rocks  of  Kentucky,  and 
proposed  for  its  reception  the  genus  Ooniasteroidocrinus^  which 
is  in  every  essential  respect  similar  to  the  forms  figured  by 
Cumberland  and  Phillips,  with  the  exception  perhaps,  that  the 
upper  sets  of  supposed  arm  openings,  instead  of  being  located 
directly  above  the  ray,  as  seems  to  be  the  case  in  some  of  the 
British  specimens,  as  figured,  are  situated  ^^  midway  between  the 
primary  radials  "  or  interradially.  Their  species — ^the  well-known 
O.  tvberoBus — ^was  found  in  excellent  preservation,  with  all  the 
appendages  attached,  and  a  good  figure  of  it  may  be  seen  in  the 
Stool.  Rep.  111.,  ii,  p.  220.  Lyon  and  Casseday  took  the  upper  and 
larger  appendages  to  be  arms,  five  in  number,  and  below  and 
between  these,  in  the  **  interradial  fields,"  as  they  say,  they  found 
clus^rs  of  ft'om  five  to  seven  '^  long,  pendulous  cilia,"  bearing 
delicate  pinnules.  These  ^' cilia"  they  afterwards  refer  with  a 
query  to  arms. 

.  A  year  later.  Hall,  without  any  reference  to  the  above  descrip- 
tions, described  under  the  new  generic  name  Tremaiocrinua  a 
number  of  species  from  the  Subcarbouiferous  of  the  West,  of 
undoubted  generic  identity  with  Lyon's  species.  He,  too,  con- 
sidered the  interradial  appendages  to  be  arms,  though  he  doubted 
if  tliej'  could  have  performed  the  fiinctions  of  ordinary  arms, 
and  the  foramina  above  the  secondary  radials  he  supposed  to  be 
openings  for  fieshy  arms  or  tentacles,  not  having  seen  in  his 
specimens  any  indications  of  solid  arms  or  even  articulating 
plates.  Soon  afterwards,  however.  Hall  described  from  the 
Devonian  of  New  York  his  Tremaiocr.  spinigerus  (15th  Rep. 
N.  Y.  St.  Cab.,  p.  138),  which  has  the  interradial  appendages  from 
the  vault,  and  also  long  arms  like  Bhodocrinus  from  the  radial 
or  ambulacral  openings.  He  called  the  former  '^  summit  arms," 
and  the  latter  "  true  arms." 

In  the  second  volume  of  the  111.  Geol.  Rep.,  Meek  and  Worthen 

*  Attention  was  first  called  to  these  by  Billings,  Decade  iii,  Geol.  Sunr.  Can. 
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gave  an  excellent  description  of  the  genus,  and  showed  that  the 
aims  in  this  type  proceed  from  the  radial  openings  as  in  other 
crinoids,  and  that  the  interradial  appendages  are  not  arms  at  all. 
They  state  that  the  true  arms  are  always  pendant,  apparently 
overlooking  Hall's  T.  spinigerus,  but  this  is  not  uniformly  the 
case  even  in  the  Carboniferous  species,  as  we  afterwards  dis- 
covered in  Hall's  T.  tuberculosus,  (see  Proc.  Phila.  Acad.  Nat. 
Sci.,  1878,  p.  262),  whose  arms  stand  erect,  and  fold  over  the 
dome.  We  also  found  the  ventral  furrow  of  the  arms  to  be  always 
on  the  inner  side  of  the  arm,  next  to  the  body,  and  accordingly 
on  reverse  sides  in  the  erect  and  the  pendant  arms.  It  is  pos- 
sible that  this  feature  may  warrant  a  subdivision  of  the  genus, 
but  until  we  are  better  acquainted  with  the  arms  in  the  majority 
of  the  species  we  shall  not  attempt  it. 

Meek  and  Worthen  proposed  to  arrange  the  British  and 
American  species  under  two  sections,  based  upon  the  different 
positions  of  the  so-called  false  arms,  whether  placed  above  the 
interradial  regions  as  in  the  latter,  or  more  radial  as  in  the 
former.  We  do  not  attach  much  importance  to  this  variation, 
especially  in  view  of  our  interpretations  of  the  relations  and 
ftinctions  of  these  appendages,  besides  there  is  considerable 
variation  in  this  respect  among  the  American  species.  The  arm 
openings  are  in  some  cases  located  well  under  the  overhanging 
margins  of  the  bases  of  the  false  arms,  in  others  on  either  side 
of  them.  In  no  case,  however,  among  American  specimens  have 
the  false  arms  been  observed  to  be  directly  over  the  ray,  as 
represented  in  Phillips'  diagram  of  G.  bursa,  and  we  are  by  no 
means  satisfied  that  such  was  actually  the  case  in  the  British 
species,  for  sometimes  the  basals  alone  are  prominent  and  spinif- 
erous,  sometimes  only  the  first  radials,  and  it  is  possible  that  in 
some  cases  the}''  have  been  confounded. 

Some  authors,  notably  Meek  and  Worthen,  object  to  Cum- 
berland's name  OUacrinus  because  it  was  not  accompanied  by 
any  diagnosis  or  specific  name,  and  give  precedence  to  GilbertsO' 
crinus,  the  generic  and  specific  descriptions  of  which  disclose  no 
characters  to  distinguish  the  genus  from  Ehodocrinus,  and  which, 
moreover,  entirely  overlooked  the  real  characteristic  features  of 
this  type.  Cumberland's  published  figures  give  a  distinct 
exposition  of  essential  characters,  which  leave  no  room  for 
doubt  as  to  the  type  represented,  and  imder  the  rules  adopted  by 
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tM  Briti&h  Association  relative  to  dcBcriptioni»  by  the 
writers,  this  entities  die  name  OHacfHnus  to  prioritj,  ^hich* leases 
OHbertBOcrinuB,  O&nituteraidocrinus  and  Trefh&t/ocrvkvtB  as 
synonyms. 

The  nearest  affinities  of  thib  genns  are  With  Bh&docririuSy  with 
which  it  substantially  agrees  in  the  stmctnre  of  the  body  below 
the  arms,  but  fi'om  which  it  is  oonspiciiously  distihgiiished  by 
the  pseudo-bfachiai  appendages,  as  well  a^  the  siise  and  disposi^ 
tion  of  the  true  arms.  The  two  genera  are,  however,  dOnnected 
through  the  transition  form  O,  spinigerus  Hall,  which  has  the 
slrms  and  body  similih'  to  many  species  of  Rhodocrmu9^  yet-  the 
pseudo-brachial  appendages  of  Olhacrinun. 

Thiese  appendages  are  art  extraordinary  and  niost  chanlcteristi^ 
feature  of  the  genus,  and  no  trace  of  any  similar  structure  hte 
been  obirerVed  ita  any  other  crihoid.  The  precise  office  of  these 
organs  has  puzsled  all  writers  hitherto,  and  must  yet  remain  to 
<4ome  extent  a  matter  of  conjecture.  Each  of  the  fiye  ihain 
trunks  contain  two  longitudinal  perforations  runniiig  a  little 
to  either  side  of  the  6entre,  and  one  of  these  passes  itato.each-  of 
the  rounded  branches  into  which  the  trunk  divides,  and  pierces 
its  centre  to  thie  exti'emity.  They  have  no  other  opening,  atid  no 
external  furrows  of  any  kind,  but  are  simply  ten  thickened 
cylindrical  tubes,  which  join  in  pairs  by  their  outer  walls  near  the 
hbdy,  Where  the  two  together  have  it  transversely  flattened 
elliptic  outline.  The  passages  penetrate  the  body  independently, 
near — and  usually  someWhat  above-^the  am  openings,  tlirough 
sometimes  directly  l)et#e6n  the  openings  of  the  arms  of  two 
differeht  rays.  Inside  the  walls  they  unite  with  the  arm  furrows, 
in  a  similar  manner  as  the  lateral  pore  passages  in  BaiocrhtHmf^ 
and  in  view  of  all  the  facts,  we  entertain  no  doubt,  that  these 
openings  are  of  the  same  nature  as  those  which  we  have  called 
respiratory  pores  in  the  ActinocrinidsB  and  Platycrinidfle,  Mid 
which  instead  of  being  simple  openings,  With  probably  soft  parts 
attached,  are  here  extended  into  tubes  forming  a  part  of  the 
calcareous  test.  There  are  five  pairs  of  these  elongated  pores, 
and  it  makes  no  material  difference  whether  they  enter  the  body 
a  little  more  radially  or  interradially,  they  are  placed  near  the 
arm  bi&ses,  and  soon*  connect  with  the  arm  passages  wit^n  tbe 
body,  as  the  respiratory  pores  in  Batocrinus.  In  many  species 
there  are  deep  depressions  in  the  vault,  opposite  the  base  of  each 
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■fipondnge^  which,  are  pAved  with  a  great  number  of  small 
iBMgiiUu:  polygonal  platea.  It  is  not  at  all  improbable  that  these 
anee  were  susoeptible  of  a  certain  amount  of  contraction  and 
expansion,  and  that  they  performed  an  important  f\inction  in 
oonnectionwith  the  tubular  extensions,  in  the  introduction  and 
expulsion  of  water. 

€hnerxc  Diagnoaui, — Body  generally  large,  subglobose,  about 
equilaterally  pentamerous  ;  plates  of  the  calyx  convex  to  nodose 
ev  spiniferous ;  base  concave,  vault  flat,  its  margins  extended 
into  five  free  tubular  appendages,  situated  between,  or  partly 
above  the  rays. 

UnderbasalB  five,  small,  pentagonal,  forming  a  fiat  impressed 
pentagon,  entirely  involved  in  the  basal  concavity,  and  some- 
times hidden  by  the  column.  Basals  five,  hexagonal  or  obtusely 
heptagonal,  truncate  above,  and  like  the  first  radials  often 
produced  into  sharp  spines,  which  extend  obliquely  downward 
Primary  radials  8X5,  the  first  larger  than  the  rest,  heptagonal, 
the  second  hexagonal,  the  third  hexagonal  or  heptagonal  and 
supporting  on  its  upper  sloping  sides  the  secondary  radials,  in 
two  series  of  two  to  three  plates  each,  which  diverge  rapidly, 
arehing  over  the  interradial  spaces,  and  completely  separating  them 
from  the  vault.  The  last  secondary  radial  supports  the  small 
delicate  arms,  its  inner  sloping  side  being  indented  by  the  arm 
opening,  while  its  outer  side  bears  an  additional  plate,  which 
meets  with  a  similar  plate  of  the  adjoining  ray,  and  the  two 
together  form  the  base  of  a  fisdse  arm. 

Interradial  and  anal  arese  scarcely  distinguishable  from  each 
other;  large,  oval,  sometimes  slightly  depressed.  They  are 
occupied  by  from  ten  to  eighteen  pieces,  of  which  there  is  one 
large  hexagonal  plate  in  the  first  range,  resting  on  the  truncate 
upper  side  of  the  basals,  and  between  two  first  radials.  This  is 
succeeded  by  from  three  to  five  ranges,  the  second,  third  and 
fourth  consisting  of  three — rarely  four — plates,  and  those  above 
of  two  and  one  plate.  Interaxillary  plates  two  to  eight  or  ten, 
the  upper  ones  connecting  with  the  vault  and  the  false  arms. 

Arms  four  to  nine  to  the  ray,  according  to  the  species,  the 
Bumber  of  primary  arms  being  perhaps  restricted  to  four, 
the  additional  ones  being  produced  by  branching  very  close  to 
the  body.  They  are  slender  and  delicate,  composed  of  a  double 
series  of  interlocking  plates,  and  they  bear  minute  pinnules 
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The  arm  openings  are  situated  in  rather  large,  deep  depressions, 
lying  under  the  edges  of  the  pseudo-brachial  appendages,  but  only 
when  the  latter  are  very  large,  on  either  side  of  them  when  they 
are  small.  In  the  latter  case,  so  far  as  observed,  the  arms  are 
erect  and  folded  over  the  dome,  in  the  former  pendant,  but  in 
either  case  the  ambulacral  furrow  lies  to  the  inner  or  under  side 
of  the  arms,  close  to  the  body,  showing  the  pendant  position  to 
be  the  normal  one. 

Yault  depressed,  generally  flat,  composed  of  numerous,  some- 
what convex,  polygonal  plates,  among  which  the  apical  and 
radial  dome  plates  may  be  readily  distinguished  by  their  greater 
size.  The  interradial  regions  are  occupied  by  a  large  number  of 
small  pieces,  which  are  generally  found  more  or  less  depressed 
just  in  front  of  the  base  of  each  false  arm.  The  structure  is 
such  that  these  parts  may  have  been  flexible  and  capable  of  con- 
traction or  expansion.  Anal  opening  directly  through  the  vault, 
not  protruding,  situated  about  midway  between  the  centre  and 
the  margin. 

The  margin  of  the  dome  above,  and  generally  between  the  arm 
bases  of  different  rays,  is  extended  into  five  pseudo-brachial 
appendages,  which  near  the  body  are  comparatively  heavy, 
nearly  solid,  transversely  elliptic,  composed  of  two  rows  of 
semi-elliptical  joints,  rounded  on  the  outside,  and  joining  in  the 
middle  by  straight,  vertical  faces.  At  from  four  to  eight  joints 
from  the  body,  each  trunk  divides  into  two  rounded  branches 
tapering  to  a  point,  which  are  perforated  throughout  their  length 
by  a  small  central  passage,  these  passages  enter  the  body  in 
pairs  through  the  main  appendages,  and  thence  diverge  toward 
the  arm  furrows,  with  which  they  unite.  There  are  no  other 
openings,  nor  any  external  furrows,  these  organs  being  simply 
heavy  calcareous  tubes,  with  a  jointed  structure  like  that  of  the 
column. 

Column  round,  composed  of  joints  alternately  larger  and 
smaller ;  central  perforation  of  medium  size,  pentagonal. 

Geological  Position^  etc. — Ollacrinua  is  essentially  a  Subcarbon- 
iferous  genus,  all  the  known  species  being  from  rocks  of  that  age, 
except  a  single  species  which  is  from  the  Hamilton  group  of  New 
York,  and  this  is  a  transition  form.  It  occurs  both  in  Europe 
and  America. 

We  recognize  the  following  species : — 
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*1886.  OUmtIbu  bmna  PhiU.    (OilbtrtMor.  bana)   Oeol.  Torkshire,  p.  307,  PI. 

4,  ftgi.  S4,  S6;  AaBtin,  1842,  Bhodoor.  limrM,  Ann.  and  Mag.  Nat  Hitt., 

p.  109;  alto  d'Orbigny,  Oilbtrtioer.  bvna,  Prodr.  de  Paltent.,  i,  p.  155. 

Mouit  limeft,  England. 
•18S6.  OUmt.  Mdemtiu  PhiU.   (Oilbtrtioer.  Mdoaratiu)  G«ol.  Torkshire  p.  307, 

PI.  4,  flg.  S2;   d'Orbignj,  1S50,  Prodr.  de  Pal6ont.,  i,  p.  155;  AusUn,  1842, 

Bbodoer.  oalOAntU,  Ann.  and  Mag.  Nat.  Hist.,  p.  100.    Mount,  limett. 

England.    (Cnmberland'f  original  ftgnre  in  tbe  Roliqnis  Conaerrata,  1826, 

reproaonti  thii  ipoeiof.) 
•1860.  OUmt.  flMtUu   Meek  and  Worth.     (Trtmatoer.  fltoeUni)   Proo.  Aoad. 

Nat.  Sei.  Phila.,  p.  883 ;  alto  1865,  Oilbtrtioer.  (OoniMtaroidoer.)  flMtUui, 

Ibid.,  p.  167;  alto  1866,  Oilbtrtioer.  flMoUni,  Oeol.  Rep.  HI,  ii,  p.  222,  PI. 

15,  ftg.  5.    Lower  Barlington  limett.    Burlington,  Iowa. 
•1886.  OUser.  ■aMikrli  Phill.     (OUbtrtMer.  ■aMikrli)  Oeol.  Torkthire, 

p.  207,  PL4yflg.  28;  alto  d'Orbignj,  1850,  Prodr.  de  Pal4ont.,  i,  p.  155; 

Auttin,  1842,  Bkodoer.  ManmiUrli,  Ann.  and   Mag.  Nat.  Uiat.,  p.  109. 

Moont.  limett.    England. 
1869.  OUmt.   oboTfttu  Meek  and  Worth.     (OoniMttroidoer.   oboTfttui)    Proe. 

Aoad.   NaL  Sei.  Phila.,  p.  76 ;    Oeol.  Rep.  111.,  ▼,  p.   801,   PI.  4,  flg.  6 ; 

Waehtm.  and  Spr.,  1878,  Ollaor.  oboTfttui,  Proe.  Aoad.  Nat.  Sei.  Phila., 

p.  268.     Uppermoit  part  of  Upper  Barlington  limett.    Barlington,  Iowa. 
•1860.  OUftor.  rttiealatui  Hall.     (Trtmatoer.  rttienUtui)  Deto.  New  Sp.  Crin., 

p.  9;    alto  Bott.  Jonm.   Nat.  Uitt.,  p.    325.    Lower  Barlington  limett. 

Barlington,  Iowa. 
*1860.  OUftor.  robnitui  Hall.    (Trtmatoer.  robnitui)  Sapp.  Oeol.-  Rep.  Iowa., 

p.  77.    Lower  part  of  Keokak  limett.  NauToo,  111.,  and  Keokak,  Iowa. 
1843.  (?)  0.  iimpltz  Portlock.    (Oilbtrttoer.  limpltz)  Oeol.  Londonderry,  p.  350, 

PI.   16,  flgt.  8  and  18.    Fermanaagh,  Ireland.     Mount,  limettone.    (Thii 

tpeeiet  maj  pottiblj  belong  to  Bkodoorinui,  rarietj  Aeantboerinai ;  tbe 

npper  portiont  of  the  bodj  are  not  known.) 
*1862.  OUaer.  ipiaigtriu  Hall.     (Trtmatoer.  ipiaigtmi)  15th  Rep.  N.  7.  St. 

Cab.  Nat.  Hitt.,  p.  128.    Hamilton  gr,  DoTonian.    Ontario  Co.,  N.  T. 
•1869.  OUaer.  ttaairadiatui  Meek  and  Worth.    (Ooniafttroidoer.  ttaoiradiatui) 

Proo.  Aoad.  Nat  Sei.  Phila.,  p.  75;    Gtot  Rep.  111.,  ▼,  p.  380,  PI.  11,  flg.  1. 

Lower  BnrL  limett.    Barlington,  Iowa.  * 

1360.  OUaer.  tubtrevlonii  Hall.     (Trtmatoer.  tubtrealotui)  Snpp.  Oeol.  Rep. 

Iowa,  p.  75 ;  Waehtm.  and  Spr.,  1878.    Ollaor.  tnbtrealoiUi  Proe.  Aoad. 

Nat  Sei.  Phila.,  p.  263.    Upper   Burlington  limett.    Burlington,  Iowa. 
JSfjfm  Trtmatoer.   papillatm    Hall,  1860.     Supp.  Oeol.  Rep.    Iowa,  p.    78. 

Synon.  (Waehtm.  and  Spr.,  1878). 
•1859.  OUaer.  tubtroini  Ljon  and  Catt.    (Goaiaittroidoer.  tubtroini,  and  tjpe 

of  that  genut).     Amer.  Jonm.  Sei.  and  Artt,  toI.  28,  (ter.  2)  p.  233; 

Waehtm.  and  Spr.,  Proo.  Aead.  Nat  Sei.  Phila.,  p.  263.    Keokuk  limett. 

Crawfordrille,  Ind.,  and  Hardin  Co.,  Kj. 
1860.  OUaer.  tjpni  Hall.    (Trtmatotr.  tjpni,  tjpe  of  that  genut).   Supp.  Oeol. 

Rep.  Iowa.,  p.  78;    Waehtm.  and  Spr.  Ollaor.  tjpvi.  Proe.  Aoad.  Nat. 

Sei.  Phila.,  p.  262.    Upptr  Barlington  limett    Barlington,  Iowa. 
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Doubtful  Genera. 

The  following^  genera,  ivihich  eTidently  belong  to  the  Sphseroid- 
ocrinidae,  are  too  imperfectly  defined  to  be  grouped  systematically. 

1.  (?)  OOSDXLOCBmt  Eiohji^ld. 
lB60i  Biohwidd'.    Lefetuea  Hossloa,  i»  p.  919, 

From  Eiehwald's  dleseription ,  it  is  impossible  to-geft  a  eorreet 
understanding  of  this  genus.  He  describes  it  as  having  ten 
basals,  three  radials,  two  rows  of  plates  placed  above  the 
radials,  and  numeroua  other  little  plates  iffregtyatly  arranged ; 
the  plates  tumtd,  and  the  calyx  eorered  with  »  membranous 
integument  (?). 

From  Eichwald's  figure,  we  are  inclined  ta  place  the  gemie  with 
the  Rhodocrinidfp,  perhaps  in  the  neighborhood  ot^!l^l^2acocrtnu«, 
provided  we  are  right  in  supposing  that  it  has  flYe  small  under- 
basals  within  the  ten  so-calted  basals.  We  take  the  ten  tatter^  which 
are  said  to  be  tumid,  as  representing  five  basal»  alternating  with 
the  five  first  radials.  There  are  3  x  ^  primary,  aad  evidently 
two  rows  of  secondary  radials,  separated  by  numeroiis  isterradial 
and  perhaps  interaxillary  plates. 

Eichwald  has  referred  to  it  a  single  species  :«— 

I860.  Ooadjloorinni  Termoofni  Biohipald.    Lethsa  Boatioa,  p.  612,  PI.  31,  fig.  61. 
SilorUn.    BuiaiA. 

3.  (?)  SCKIZOOBIinni  Hall. 

1847.  Hall.    Fal»ont.  New  York,  i,  p.  81. 

1879.  Zittel.    Handb.  der  Palasont.,  1,  p.  871  (8telid&ecviiild»>. 

• 

The  genus  was  founded  upon  very  imperfect  material,  but 
evidently  occupies  a  position  near  Olyptocrinu^,  if  not  identical 
with  it.  It  probabl}'  had,  like  that  genus,  small  or  rudimentary 
underbasals  hidden  by  the  column. 

Hall  describes  it  with  five  pelvis,  plates  (oar  basals);  2X5 
costals  (the  first  and  second  radials)  ;  1  X  5  scapulars  (the  third 
primary  radials^ ;  1  X  5  brachials  or  arm  plates  (according  to  figure 
a  fourth  series  of  primary  radials,  but  probably  longitudinally 
divided,  and  represented  by  two  plates  forming  the  first  series  of 
secondary  radials ) ;  and  above  these  a  double  cuneiform  arm  plate 
supporting  the  hand  and  fingers,  we  should  say  a  second  series  of 
secondary  radials,  which  support  the  primary  arms. 
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The  intcrradinl  areas  are  composed  of  several  series  of  two 
plates  each,  except  the  first  series  which  has  but  one  piece, 
resting  in  the  i\p\)CT  notch  between  two  adjoining  first  raitials.  It 
is  not  knon^  whether  the  anal  side  is  distinct,  nor  has  the  dome 
l»een  observed. 

Arms  short,  branching,  single  jointed.     Column  round. 

These  characters,  even  if  correctly  interpreted,  are  not  sufficient 
to  distinguish  Schizocrinus  from  GhjptocrinuH,  We  are  inclined 
to  think  that  the  type  specimen  of  tich.  nodosun  is  a  young  speci- 
men of  some  ff/^jp^rtn?iA,  unless, perhaps,  Sc^930^'riHUtf  reprasents 
palsontologically  an  earlier  stage  of  the  former.  The  interradial 
and  interaxillary  plates  seem  to  be  less;  developed,  the  arms 
are  short,  simple  jointed,  and  the  second  division  of  the  ray,  which 
in  Glyptocrinus  generally  takes  place  in  the  body,  occurs  in  the 
free  arms.  Hairs  second  s|)ecies,  still  more  fragmentary,  is 
probably  a  very  different  thing. 

Geological  Position^  etc, — Both  species  are  from  the  Trenton 
limestone  of  New  York. 

1^7.  iohiioerinni  aodoins  Hall.    Palsont.  New  Yoilc,  toI.  i,  p.  81,  PI.  27,  figs. 

1  a-p.    TreatOD  limM^     Herkini«r  Co.,  N«w  Yorli. 
1347.  (?)  SohiBOor.  itriatai  Hall.     PalsBont.  New  York.  rol.  i,  pi  ftlO^  PI.  38,  flgr. 

4  a,  b,  0.    Trenton  limest.    Middleville,  New  York. 

3.  (?)  gOTPHOCBIViri  Hall  (not  Zenker,  1833). 

(?)  envLocvamn  D'Orbignr.) 

IMt.  9tffphoctimi9  Hall.    Paladont.  New  York,  vol.  i,  p.  8»5. 
1850.  €hj^l^HmL9  d'Orbigny.    Prodr.  dc  Fal^ont.,  i,  p.  2S. 

{ikyphocrifvuM  Zenker,  1833.    Beltr.  Naturgesch  d.  Urwald,  p  26, 
PI.  4.  and  Miinster,  Beitr.  iii,  p.  112.) 

The  name  l)dng  preoccupied  by  Zenker,  d'Orbigny  proposed 
irt  its  place  Cupulocrinus  with  ScyphocrinuB  helerocogtalU  Ilnll, 
a.ud  a  specios  of  Taxocrinus  as  the  types. 

The  form  has  been  generally  considered  as  closely  allied  to 
SrhizocrinvH^  in  which  we  cannot  concur.  We  think  d'Orbigny 
is  correct  in  placing  it  with — or  near — Taxocrwus,  but  to  verify 
tliis,  better  specimens  are  required,  and  We  will  not  attempt  a 
generic  description  from  the  present  material. 

(^;  IS47.  Bcyi^Mr.  keteroeoitalii  Hall.    Palsont.  New  York,  toI.  i,  p.  85,  figr.  S 
a-f.    Herkimer  Co.,  New  York. 
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4.  (?)  HADBOOBIirVI  Ljon. 

1809.  Lyon.    Trans.  Amer.  Philo«.  Boo.,  toI.  xiii,  p.  4iS. 
1879.  Zittal.    Handb.  der  Palsont,  i,  p.  877. 

Syn.  (?)  Oaranaerinui  HalL    Palsont  New  York,  ill,  p.  124. 

The  name  was  proposed  for  certain  crinoidal  remains,  which  had 
been  obtained  from  the  Devonian,  near  Louisyille,  Kentucky. 
The  specimens  were  all  fhigmentary,  but  enough  is  preserved  to 
show  a  great  resemblance  to  Dolaiocrinus^  and  it  seems  to  us  that 
this  form  should  be,  like  Stereocrinus^  placed  subgenerically  under 
it.  Hadrocrinus  differs  from  DolcUocrinua  in  the  smaller  size  of 
the  basals,  and  in  having  only  two  primary  radials ;  it  differs  from 
this  and  Stereocrintis  in  the  numerous  bifurcations  within  the  rays, 
and  in  having  the  arms  arranged  continuously  around  the  body,  and 
not  in  groups.  The  genus  Goronocrinus  proposed  by  Hall,  which 
was  founded  upon  mere  fragments,  is  in  all  probability  identical 
with  Hadrocrinus, 

According  to  Lyon,  the  body  is  very  large  and  broad;  the  calyx 
low.  vasiform,  the  dome  hemispherical.  Basals  three,  small,  hidden 
by  the  column,  and  only  seen  when  viewed  from  the  inner  side. 
Primary  radials  2X5,  the  second  axillary.  Higher  orders  of 
radials  numerous,  each  one  composed  of  two  series,  and  the  plates 
all  forming  a  part  of  the  calyx.  The  uppermost  plate  excavated, 
and  forming  with  the  dome  plates  a  large  ambulacral  or  arm 
opening.  The  openings  are  numerous,  arranged  continuously 
around  the  body,  and  are  at  no  place  separated  by  interradial  pieces. 
Interradial  arese  composed  of  few,  three  or  four  pieces,  which,  like 
all  the  radial  pieces,  are  comparatively  narrow  and  long,  and  of 
very  uniform  size  throughout,  thereby  producing  the  great  width 
in  the  body.  It  is  not  known  whether  the  anal  area  is  distinct  or 
not.  Interaxillaries  two4  to  four  or  more.  Arms  unknown. 
Colunm  round,  rapidly  tapering  downward;  perforation  round 
near  the  calyx,  at  a  distance  below  pentalobate. 

Geological  Position^  etc. — From  the  Devonian  of  Kentucky. 
We  only  recognize  two  of  Lyon's  species.  Hadrocrinus  penta- 
gonus  is  very  imperfectly  known,  and  in  all  probability  belongs 
to  a  very  different  group. 

1S60.  Hadroorinni  diioiit  Lyon.  TraoB.  Amer.  ?hllot.  800.,  rol.  xiii,  p.  448,  PI.  26, 
flg.  ft.     CorniferonB  limest,  DeTonlMi.    Falls  of  iho  Ohio. 

1869.  Hftdroor.  pleniMimni  Ljon.  Trans.  Amer.  Philos.  Soe.,  toI.  xiii,  p.  445,  Pl. 
26,  figs.  B  1-3.  Corniferoa»lfmett.,  Devonian.  Falls  of  the  Ohio,  near  Jef> 
fersonFllle,  Ind. 
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LIST  OF  SYNONYMS,  CORRECTIONS  AND  IMPERFECTLY 

DEFINED  SPECIES. 

AbTMrimu  d'Orbignj. 

A,  timplex  d'Orb.,  see  Carpoermui  simplex-^ 

AoamtkooriBiif  Roemer,  sjn.  of  Rkodocrmui, 

A,  longitpina  Roemer,  see  Rkodoer,  longiMp'ma. 
A.  nodulonu  Hftll,  see  Rhodoer,  nadulotU9, 
A.  graeiliM  HsU,  tee  Rhodoer.  ^raeUia, 

m 

Aotiaoeriniu  Miller. 

A.  abnormi$  Ljon,  see  Mtffittoer,  ahnormtM, 

A,  acuUatiu  Austin,  not  sufficiently  defined. 

A,  ttgUopt  Hall,  see  Teleiocr,  mgUop9, 

A,  mgualit  Hsll,  see  Batoer.  tequaUs, 

A,  mqttibrackMtus  MoCheeney,  see  Batoer,  mquihraekiatus. 

A.  -»-^  Tsr.  alatuM  Hsll,  syn.  of  Batoer.  mquiltraehiatus, 

A,  Agattiti  Troost.    Mot  defined. 

A.  althea  Hall,  see  Teleioer,  tUthea. 

A,  amphora  Forelock,  sjn.  of  Amphoraer,  OilbertsonK 

A.  ampluM  Meek  and  Worth.,  see  Perieehoer.  ampltu. 

A,  Andrewtianut  MoChesnej,  see  Batoer.  Andrewtianur, 

A,  araneolui  Meek  and  Worth.,  see  Steganoer,  araneolws, 

A.  asterias  MoGhesney,  sjn.  of  Batoer,  verrueonu. 

A.  atterteeut  Hall,  syn.  of  BtUoer,  mquibraehiatut, 

A,  arthritieut  Phill.,  see  Oistoer,  arthritieut, 

A,  atlat  MoCoj,  see  Amphoraer,  (f)  aUa*  Roemer. 

A,  brevicaigx  Rose.    Not  found  the  description. 

A,  hrevieomit  Hall,  see  Megistoer.  bnmeomit, 

A,  brevimanut  Angelin,  see  Perieehoer.  ^evimanu9, 

A.  brevia  Hall,  see  Agarieoer.  brevit, 

A,  biturbinatut  Hall,  see  Batoer.  biturbmattu, 

A,  ealgeuloideM  Hall,  see  Eretmoer.  calyeuloide$. 

A.  ealyculut  Hall,  see  Batoer.  ealgeulut. 

A.  ealgpto  Hall,  see  Oennteoer.  ealypto, 

A.  eanalieulatut  Hall,  see  Doryer.  eanalieulattie. 

A.  eorica  Hall,  see  Eretmoer,  eariea, 

A,  earoli  Hall,  syn.  of  Batoer,  ealyeulut, 

A,  Caetedayi  Lyon,  see  Batoer,  Catttdayi, 

A.  eatafraetue  Aust.     Not  sufficiently  defined. 

A,  eaulieulu$  Hall,  see  Oennmoer,  eaulieuitu, 

A.  ehtorit  Hall,  sjn.  of  Aetinoer,  tenmteulptut. 

A.  ChrUtgi  Shumard,  see  Batoer,  Chrittyi^ 

A,  Chriatyi  Hall,  see  Perieoehoer,  Chrietgi. 
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A.  cinpiUUuM  Goldf.    Described  from  detached  columns. 
A.  davigtnu  Hall,  syn.  of  Baioer.  nmiUt. 
jA.  $Uo  BmX\,s—  JEr€tmo0r.  dio, 
A.  elivonu  Hall,  see  FtUi^er,  tUvotut. 
A,  eUxlia  Hall,  see  Eretmocr,  dotUa. 
A,  clffpeatut  Hall,  see  Batocr.  elypeattu, 
A.  coneavut  Meek  and  Worth.,  see  Dmyer,  eoMcatiM. 
A,  eoneinnut  Shumard,  see  Steganoer.  eoneinnuM, 
A.  eorbulit  Hall,  see  Eretmocr.  eorhulit, 
A.  comieulut  Hall,  syn.  of  A^€uio9er,  ^rmt. 
A.  eornigeruM  Hall,  see  Doryer,  ■C99niigtfrm. 
A.  eonuffenu  Shamard,  syn.  of  Ommm»9r.  KuUM^kkmit, 
A,  eamutu*  Troost.    Not  defined. 
A,  earonatu$  Hall,  Eretmocr.  eorofuUut. 
A.  Corrcyi  Lyoa,  probably  (?)  Agairieocxmm. 
A.  coitatut  Eiohwald.     Detached  column. 
A,  coitatuM  Bigsby,  see  Actinocr.  co9Uu  McCoj. 
A.  cratnu  Austin.    Not  defined. 
A.  cyathiformiM  Sandberger.    Badfy  defined. 
A.  decadactylu9  Portlock  (not  Ooldf.).    InsnfleUaUj  4es0iibftd. 
.  A.  deeomii  Hall,  see  Doryer.  decamU, 
A,  delicatuM  Meek  and  Worth.,  the  young  Telmcr,  umbrows, 
A.  duideratus  Hall,  syn.  of  Doryer,  Miisourwmt, 
A  dueoidetu  Hall,  b%9  Batocr,  diacoidtui, 
A,  divaricatut  Hall,  syn.  of  Doryer.  eormiyirm, 
A.  dtoeryem  Hall,  see  Amphoracr,  diiurgeme. 

X, Tar.  mttZ<tramo«i«  Meek  And  Worth.,  syn^of  .^^^P^tf^-^'vetym*. 

A.  dodeeadaetylut  Meek  and  Worth.,  see  BiUocr,  dodee^ii^tybu, 

A.  dorU  Hall,  syn.  of  Batocr,  mqualic. 

A,  dubiut  Eiehwald.     Detached  columns. 

A.  elephantmu9  Austin.    Not  su^oiently  4«ftned. 

A,  erii  Hall,  see  Agarieocr,  crit, 

A.  eroduM  Hall,  see  Teleiocr.  erodut, 

A,  eryz  Hall,  syn.  of  Actinocr.  giant, 

A,  tucharia  Hall,  see  Ocnnmoer^iuchariM. 

A,  Evansii  Owen  and  Shum.,  see  McgvUocr,  JSpofun. 

A.  expansui  Phillips,  see  Sagenocr.  ezpatutu. 

A,  fibula  Trw}BL    Catalogue  name. 

A.fitcelluM  Hall,  see  Agarieocr,  fijtceUut, 

A.  formonu  Hall,  syn.  of  Batocr.  dUcoidcut, 

A.  gemmiformia  Hall,  Eretmocr.  geminifomUt, 

A.  gibbotue  TrooBi,    Catalogue  name. 

A.  OUbertsoni  Miller,  see  Amphoraer.  OUbcrtaonu 

A,  Oilbertsoni  de  Konink,  syn.  of  Acjimocr,  atMuia  de  Koa. 

A.  globosua  Phillips,  see  Bkodocr,  globoeua. 

A .  glyptua  Hall,  see  Strotocr.  glyplua. 

A.  Oouldi  Hall,  see  Doryer.  QouLdi. 
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A,  ffranuUiut  Goldf.     Detached  oolumne. 

A,  granulabu  Austin.    Not  defined.    See  Awipkoratrmut, 

A,  Hageri  McGheenej,  see  Batoer,  Ht^tn* 

A,  helice  Hell,  see  Agarieocr,  Mice. 

A,  Humholdti  Troeei.    Oalftlogae  dmm. 

A,  ieoiidactsflm  Ousedaj,  see  Batotr,  icoiitktetyhu, 

A,  ImHtmeHtit  Ljon  and  0ms.,  see  Bmtocr,  Indkuitnm. 

A.  n^latuM  Hall,  syn.  of  Amf^hormer,  tpmcbrackiatus, 

A.  inomattu  Hall,  wjn,  of  Bmtoer,  dffpeatut, 

A.  imculptut  Hall,  see  TeMoer.  mteulptuM. 

A,  mterradiatut  Angelin,  syn.  of  Ptrieehocr.  Linittr^m. 

A,  irregularU  Ljon  and  Caes.,  see  Batoer,  irregularu, 

A.  KentuckienHi  Bhum.,  see  Batoer,  Kemimekiftmi, 

A,  Konmeki  Shum.,  see  JBretwtoer,  Konineki, 

A,  Uevii  Miller.     Delaehed  oolnnins. 

A,  UniMnrntu  Austin.    Not  defined. 

A.  lagina  Hall,  sjn.  of  Aetmocr,  probooeidialis, 

A,  laguneuiui  Hall,  see  Baioer.  Uiguneulmi, 

A.  lalui  Hall,  see  MtgUtoer,  lattu, 

A,  laura  Hall,  see  Batoer,  laura, 

A.  Upidiu  Hall,  see  Bailor,  Upidm. 

A,  Ifucona  Hall,  see  Eretmoer,  Utteoma. 

A.  lirattu  Hall,  see  Tdeiocr.  Uratus, 

A,  locellut  Hall,  sjn.  of  Aetinoer, ntkulaiut  Hall. 

A.  longidigitatut  Angelin,  see  Perieehoer,  Um§idigitatU9, 

A,  longimanui  Angelin,  see  PerUekoerinut, 

A,  longirottrii  Hall,  see  Baioer,  longiroetrit, 

A,  longi§pimm»  Austin.    Net  defined. 

A,  major  Angelin.    BliodoeriBidsB,  genus  (?). 

A,  mammUlatu9  de  Koninok  (Bigsby).    Not  seen  deseription. 

A,  matuta  Hall,  see  Eretmoer.  matuta. 

A, Tar.  aiiemtaia  Hall,  see  Bretmoer,  atUnuaki, 

A,  mediui  Angelin.    Rhodeerinidn,  g^us  (?). 

A,  Meekii  Lyon,  see  Maerottyloer,  Meekii, 

A,  minor  Hall,  syn.  of  Megiatoer,  hremeomit, 

A,  Miinuipyienau  Roemer,  see  Dorper,  MianMeippienms, 

A. Tar.  tpiniger  Meek  and  Wotth.,  syn.  of  D, 

A.  MUtourieneit  Shumard,  see  Doryer,  MieeottrietuU, 

A,  monili/enu  Goldf.     Detached  ooluans. 

A,  moniU/ormu  MiUer,  see  Periodkoer.  momiii/ormie. 

A  Mortoni  Trooet.    Catalogue  name. 

A.  mtdtieomie  Lyon,  see  Centroer,  mulHeorma, 

A.  mundultu  Hall,  see  Batoer.  munduiui. 

A,  murieatue  Goldf.     Detached  oolumns. 

A.  muUikraekiatus  Tar.  eckinatust  see  A.  mmliibraekiatmi, 

A,  NaekeiUm  Troost,  see  Batoer.  NaekoiUm. 

A. Tar.  9ubtraetu$  White,  see  Baioer.  NatkpiUtt. 
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A  nodulotut  Ooldf.     Detached  ooIududb. 

A,  nubilu  Angelin,  Periechoer.  nubilit, 

A,  njftta  Hall,  see  Oennmoer,  nytfa. 

A.  oblatu9  Hall,  syn.  of  Batoer,  rotundut, 

A.  obpyramidalit  Winchell  and  Marej.     Internal  oaat. 

A,  olUeuluM  Hall,  syn.  of  Periechoer,  Whitei. 

A.  omattu  Hall,  lee  Phytetocr,  orm^ue. 

A.  papillntue  Hall,  syn.  of  Batoer.  elypeatnu, 

A,  Parkinsoni  de  Koninck  (?).    Not  seen  the  deseription. 

A,  parvue  Shumard,  see  Dorycr.  parvut. 

A,  pendene  Hall,  Sjm.  of  Dt/rper,  unieamie, 

A,  pentagonue  Hall,  see  Steganoer,  pentagonue. 

A,  pentaepinue  Lyon,  see  Ceniroer,  penttupinui. 

A.  perumhrotue  Hall,  syn.  of  Strotocr,  regalie, 

A,  pUtUUformiM  Meek  and  Worth.,  see  Batoer,  pUtUltfbrmu, 

A,  pietUlue  Meek  and  Worth.,  see  Batoer,  piatiUue, 

A,  planohceilie  Hall,  syn.  of  Amphoraer,  dhfergene. 

A,  planodieeue  Hall,  see  Batoer,  planodiecut, 

A.  plumonu  Hall.    Detached  arms. 

A,  pocUlum  Hall,  see  Oennmoer,  poeiUum. 

A,  polydaetylue  Bonny  (not  Miller),  Meloer,  paekydaetylue, 

A,  prteeursor  Hall,  eee  Doryer,  (f)  prmeureor, 

A,  prumiensis  Wirt  gen  and  Zeiler,  see  Doryer,  pntmiensie, 

A,  puleher  (Salter  MS.)  MeCoj,  see  under  Perieehoerinut, 

A.  pyramidatue  Hall,  see  Agarieoer.  pyramidatut, 

A,  pyrtformia  Ad.  Roemer.    Not  seen  de^oripUon. 

A,  pyri/ormis  Shumard,  see  Batoer.  pyrtformie, 

A.  pyriformie  Tar.  rudia  M.  and  W.,  sjn.  of  Batoer,  pietilliformU, 

A,  quadrUpinut  White,  sjn.  of  An^horaer,  divergena, 

A,  quatemariue  Hall,  syn.  of  Aetinoer,  proboseidialie, 

Ap epiniferue  Hall,  syn.  of  Aetinoer,  proboeeidiaUa, 

A,  quinquangularia  Angelin,  see  Periechoer,  gwnqumngularu, 

A,  qumquelobue  Hall,  syn.  of  Doryer,  eomigerua, 

A,  radiatue  Angelin,  see  Periechoer,  radiatui, 

A,  ramuloaua  Hall,  see  Eretmoer,  ramuloeue, 

A,  regalis  Hall,  see  Strotoer,  regalie, 

A.  regularia  Hiainger  =  Uypanthoer,  regularit, 

A,  remibrachiatuM  Hall,  see  Eretmoer,  remibraehiatua, 

A.  retiarhu  Phillips.     Detached  columns. 

A,  rotundua  Yandell  and  Shum.,  see  Batoer,  rotundua, 

A.  rudia  Hall,  see  Teldoer,  rudia, 

A,  ruatieua  Hall,  syn.  of  Aetinoer,  adtulua. 

A,  Schultzianua  Angelin,  see  Periechoer.  Schultnanua. 

A.  aeulptua  Miller.    Detached  columns. 

A,  aeulptua  Hall,  see  Steganoer,  aeulptua, 

A,  aemiradiatua  Hall,  see  Periechoer.  aemiratkartua. 

A.  aenariua  Hall,  syn.  of  Phyaetoer,  omatua. 
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A,  aecunu  Hall,  sjn.  of  Actinoer,  tezarmatua, 

A.  Sillimani  Meek  and  Worth.,  eyn.  of  Aetinocr.  ieiiulii9, 

A,  nmilu  Hall,  see  Batocrinut  timilu. 

A.  nmpUx  Phillips,  see  CarpocrinuM  nrnpUz, 

4.  9(nuatu8  Hall,  see  Batoer,  tinuostu, 

A.  9pecioau4  Meek  and  Worth.,  syn.  of  Strotocr.  regalU, 

A.  tpinohrachiatUB  Hall,  see  Amphoracr,  tpinobraehiatus, 

A,  tpinulottu  Hall,  see  Doryer,  tpinulosui, 

A,  iterope$  Hall,  see  Batoer,  tteropu. 

A.  iiriatut  Munster.    Not  known  to  us. 

A.  tubaeuleatiu  Hall,  see  Darycr,  subaeuleattu, 

A,  tubmqualis  McChesney,  syn.  of  Batoer.  diteoideut, 

A.  tubturbinatut  Meek  and  Worth.,  syn.  of  Doryer,  parvus. 

A.  9ubumbro»u9  Hall,  syn.  of  Teleioer.  liratut, 

A.  tubventrieonu  McChesney,  syn.  of  Phytetoer.  ventrieotut, 

A.  auperlatut  Hall,  syn.  of  Megittoer,  brevieomu, 

A.  tymmetrieua  Hall,  syn.  of  Doryer.  parvus. 

A.  tenuitHseus  Hall,  see  Perisehoer.  tenuidiseus. 

A.  tenuiradiatus  Hall,  1861,  see  Teleioer.  tenuiradiatus, 

A.  tenuiradiatus  Hall,  1847,  Palsdocrystes. 

A.  tenuutriatus  Phillips.     Detached  columns. 

A.  tesseratus  Goldf.    Detached  plates  and  columns. 

A.  tesseracontadaetylus  Goldf.,  see  Abacoer.  tester aeontadaetylus. 

A.  tesseraeontadaetylus  Hisinger,  syn.  of  Carpoer,  sin^lex. 

A.  themis  Hall,  syn.  of  Aetinoer.  proboseidialis, 

A.  thetis  Hall,  syn.  of  Aetinoer.  sexarmatus. 

A.  tho€u  Hall,  syn.  of  Aetinoer.  retieulatus. 

A.  tholus  Hall,  syn.  of  Aetinoer,  glans. 

A,  trieomis  Hall,  syn.  of  Doryer.  unieomis, 

A.  trinodus  Hall  syn.  of  Doryer.  parous. 

A.  turbinatus  Hall,  see  Batoer.  turbinatus. 

A. Tar.  eUgans  Hall,  syn.  of  Batoer.  turbinatus. 

A,  umbrosus  Hall,  see  Teleioer.  umbrosus. 

A.  unieomis  Owen  and  Shum.,  see  Doryer.  unieomis. 

A.  unispinus  Hall,  see  Doryer.  uni^inus, 

A,  uma  Troost.    Catalogue  name. 

A,  umsformis  McChesney,  syn.  of  Eretmoer.  Konineki. 

A.  validus  Meek  and  Worth.,  syn.  of  Steganoer.  coneinnus. 

A.  ventrieosus  Hall,  see  Physetoer.  ventrieosus. 

A. eaneellatus  Hall,  syn.  of  Physetoer.  ventrieosus. 

A.  '  intemodius  Hall,  syn.  of  Physetoer.  ventrieotus, 

A.  Vemeuili  Troost,  see  Msloer,  Vemeuili. 

A.  Vemettilianus  Shum.,  see  Eretmoer.  Vemeuilianus. 

A.  viminalis  Hall,  see  Amphoracr.  viminalis. 

A.  Waehsmuthi  White  (1862),  syn.  of  Actinoer.  seitulus. 

A.  Waehsmuthi  White  (1880),  see  Batoer.  Waehsmuthi. 

A.  Whitei  Hall,  see  Perisehoer*  Whitei. 
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A,  Whitfieldi  Hall,  syn.  of  Pirieehoer,  CkrUtyi. 
A,  Yandelli  Shnmard,  see  Baiocr,  Yamdelli, 

Agariooorinni  Troost. 

A,  bellatrema  Hall,  syn.  of  Agarieocr,  omatremm, 

A.  btUlatui  Hall,  tyn.  of  Agarieocr,  amerie(mu9, 

A.  eorrugatut  Hall,  Bfn.  of  Agarieoer, pyrmMtOui, 

A.  exeavatut  Hall,  sjn.  of  Agarieocr.  ammeontM. 

A,  nodonu  Meek  and  Worth.,  syn.  of  Agarieoer,  americanut. 

A,  pentagonut  Tar.  convexuSf  see  Agarieocr.  eonvezut. 

A.  iuberotue  Troost.,  syn.  of  Agarieocr,  americanuM, 

Alloproialloerinni  Lyon  and  Casseday. 

A.  deprettue  Lyon  and  Cass.    Not  sufficiently  defined. 
A.  eucontu  Meek  and  Worth.,  see  Batocr.  eucomtu, 

Amblaorinni  d'Orbigny.    Not  safficiently  defined. 

A,  rotaceiu  (Roemer)  d'Orbigny,  see  Chceocr,  roioceut. 

Amphoraorinni  Austin. 

A.  americantu  Roemer,  see  Agarieocr,  americanus, 

A,  bellatrema  Hall,  syn.  of  Agarieocr.  omotrema, 

A.  coneavus  (Actinoor.)  Meek  and  Worth.,  see  Dorycr,  eoncavue, 

A,  corrugatue  Hall,  syn.  of  Agarieocr,  pyramidatue, 

A,  crasetis  Austin.    Insufficiently  defined. 

A,  exeavatua  Hall,  Sjm.  of  Agarieocr,  americanut, 

A,  granulatus  Austin.    Not  sufficiently  defined. 

A,  inflatue  Meek  and  Worth.    (Hall's  Actinocr,   inflatue,   1860),   syn.   of 

Amphoracr,  spinobrachiatua, 
A,  inflattu  (HalPs  Agarieocr, — Amphoracr, — i^flatuif  1861),  see  Agarieocr. 

inflatut, 
A,  omotrema  Hall,  see  Agarieocr,  omotrema, 

A,  planobaeilii  Hall  (Meek  and  Worth.),  syn.  of  Amphoracr,  divergem, 
A,  planoconvexua  Hall,  Agarieocr,  planoconveztu, 

A,  qiKtdriepinut  White  (Meek  and  Worth.),  syn.  of  Amphoracr,  ipmobraehiatus, 
A,  aubturbinattu  Meek  and  Worth.,  syn.  of  Dorycr,  parvus, 

Aspidoorinns  Hall.    The  root  (?)  of  a  crinoid. 

A,  calloiue  Hall.    Body  unknown. 
A,  digitattu  Hall.    Body  unknown. 
A.  tcutelli/ormit  Hall.    Body  unknown. 

AstAroerinns  Lyon  (not  Miinster),  syn.  of  Pterotoerinus, 

A.  capiialie  Lyon,  see  Plerotoer,  eapitaUe, 
A,  eoronatui  Lyon,  see  Pterotocr,  coronatut, 

Astroorinites  Conrad  (not  Cumberland  nor  Austin),  syn.  of  Melocrimu, 
A,  paehydactylut  Hall,  see  Melocr,  paehydactyltu. 


1881.]  NATURAL  flcnsBrcns  of  Philadelphia.  403 

Aitropodift  Ure,  see  Platycrinut. 

BalaBOcrinni  Troost  (not  AgMsii),  sjn.  of  Lawyfterocrinui. 

B,  infiatut  flaU,  see  Lampteroer.  it^/latut, 

B,  sculpttu  Trooit,  syn.  of  Lampteroer,  tennesteetuit  Roemer. 

Batoerinni  Gasseday. 

B,  Mteriicus  Hall  (Meek  and  Worth.),  syn.  of  Batoer,  mquibraehiatu9. 

B,  elavigenu  Hall  (M.  and  W.),  sjn.  of  Batoer,  davigeruM, 

B,  dorii  Hall  (M.  and  W.),  syn.  of  Batoer,  mqualit, 

B,/ormo9ua  Hall  (M.  and  W.),  syn.  of  Batoer,  elypeattu, 

B,  momatuM  Hall  (M.  and  W.),  lyn.  of  Batoer,  elypeatut, 

B,  iTofitncArt  Shumard  (M.  and  W.),  see  ErUmoer,  Konineki, 

B.  9ubmqualU  MoChesney  (M.  and  W.),  syn.  of  Batoer,  elypeatus. 

B,  urtutformii  Hall  (M.  and  W.},  see  JBretmoer,  urrutforwUt. 

BraoMoerinni  Hall.    Based  on  det«ohed  arm  fhigmenta. 

B,  nodoiariw  Hall.    Arm  fragments. 

Caoabocrinns  Troost,  syn.  of  Dolatoerinus, 

C.  glyptut  Hall,  see  Dolatoer,  glyptui, 

C,  ^— •  far.  intermediut  Hall,  see  Dolatoer,  glypttu, 

C.  lamellotut  Hall,  see  Dolatoer,  lamellotus, 

C.  lirattu  Hall,  see  Dolatoer,  liratus, 

C,  :    Tar.  multilira  Hall,  syn.  of  Dolatoer,  liratut, 

C,  tpeeionu  Hall,  see  Dolatoer,  tpedow, 

C.  Troo9ti  Hall,  see  Dolatoer,  Trootti, 

Calathoerinns  Hall  (not  yon  Meyer),  syn.  of  Teleioermut. 

Casta&oerinns  Roemer,  syn.  of  M$loerinut  Goldftiss. 

Ceatroerinns  Austin  (not  Waohsm.  and  Spr.),  syn.  of  Platgerinut. 

Coloerinus  Meek  and  Worth,  (not  CctUoer,  White),  syn.  of  Dorgerinut,  • 
C.  eoneavus  M.  and  Worth.,  see  Dorger,  eoneavus, 

OloBoeriniLS  Oehlert.  (not  Quenst.),  syn.  of  Meloerinut, 
C,  Bigsbgi  Oehlert.,  see  Melocr,  Bigthgi. 

Condylocriiuu  Eichwald,  see  doubtful  genera. 

OMMerinites  Troost    Not  defined. 

C.  Lem,  Troost.    Gatalogae  name. 

C.  tubereulotus  Troost.    Catalogue  name. 

Oophinus  Koenig.    Detached  eolumns. 

CmroBOorinas  Hall,  see  ffadroer.    (Doubtful  genera,) 
C,  polgdaetglui  Hall.    Small  fragmentary  pieces. 
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CmmenAoriiiitei  Troost.    Not  defined. 
C.  ovalit  Troost     Catalogue  name. 

Cteaocrimii  Bronn,  sjn.  of  Meloer.  Goldfdss. 

C.  bainbridgmni  Hall,  see  Meloer.  bambridgentiM, 

C.  deeadactylui  Ooldf.,  lee  Meloer.  deeadactylus. 

C,  lamellonu  Eichwald.     Detached  columns. 

C  notatua  Eichwald.    Detached  columns. 

C.  punetatus  Eichwald.    Columns. 

C.  MiellarU  Roemer,  see  Meloer.  MteUarU, 

C.  typu9  Bronn,  see  Meloer,  typtu, 

CupellaBcriiiiu  Troost.    Not  defined. 

C,  Buehii  Troost.    Catalogue  name. 
C,  eorrugatU9  Troost.    Catalogue  name. 
C.  infiattu  Troost.    Catalogue  name. 
(7.  Imvit  Troost.    Catalogue  name. 
C.  magnifieut  Troost.    Catalogue  name. 
C.  pentagonalit  Troost.    Catalogue  name. 
C.  rotitformis  Troost.    Catalogue  name. 
C  ttellutw  Troest.    Catalogue  name. 
C,  atriatut  Troost.    Catalogue  name. 

Cjathocrinus  Miller. 

C.  fateiatus  Hall,  syn.  of  Maerotigloer.  MeekU  Ljon, 

C.  testeraeontadaetgltu  Hisinger  (Salter),  see  Carpoer.  ampler. 

CjstocrinuB  Roemer.    Detached  columns. 

O.  Tenneaaeeruia  Roemer.    Detached  columns. 

Cjtocrinus  Roemer,  syn.  of  Meloermua  Ooldf. 

C,  laevia  Roemer,  see  Meloer.  laevia. 

Dnmonoorinites  Troost    Not  defined. 
Deeadaetyloorinites  Owen.    Not  defined. 

Bichoorinus  Milnster. 

/>.  comigerua  Shum.,  syn.  of  Talaroer.  eomigerua. 

D.  elegana  Cass,  and  Lyon  (not  de  Kon.  and  Leh.),  see  Talarotr.  elegana. 
D.  expanaua  Meek  and  Worth,  (not  de  Kon.  and  Leh.),  see  Diehoer.  poly- 

daetylua. 
D.  inaularia  Eichw.,  see  ffexaer.  inaularia. 
D.  laehrymoaua  Hall,  syn.  of  Plaiyr,  aubapmuloaua  Hall. 
D.  protuberana  Hall,  Pierotoer.  protuberana. 

D,  aeulptua  Cass,  and  Lyon  (not  de  Kon.  and  Leh.),  see  Diehoer.  omatua. 
D.  aeptuoaua  de  Kon.,  based  upon  detached  plates. 
/>.  aezlobatua  6hum.,  see  Talaroer.  aezlobatua. 
D.  aymmeirieua  Cass,  and  Lyon,  see  Talaroer.  aymmatrieua. 
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IMBMroorimu  Phillips. 

D.  ieatidactylui  Phlll.,  see  Euerinus  ieoaidaetyhu. 
/>.  oUgoptUtu  Paoht.  —  Taxocrintu  oligoptUus. 

Dimorphoorimu  d'Orbignj,  (Pentremiies). 

D,  pentangtUariM  d'Orb.,  in  part  Platyer,  {f)  pentangularit  Miller. 

Dolioloorinuf  Troost.    Not  defined. 

DonMiorinitei  Troost.    Not  defined. 

D.  nmplex  Troost.    Catalogae  name. 

Xohinns  dnbins  Sohlotheim,  see  Aetinocr,  Imvia,  Bliller. 

Xdwardsocrinns  d'Orbigny,  syn  of  Platyerinut, 

E.  omatus  MeCoj,  see  Platyer,  omatus, 

Snealjptoerinns  rosaoens  Hisinger  (not  Goldf.),  see  Marnipiocr.  rotaeeus. 

Snerinns  Angelin. 

E,  minor  Angelin,  see  Anthemoer,  minor. 
E,  venustua  Angelin,  see  Anthemoer.  venusius, 

Sagtniaorinites  hezagonns  Miinster,  see  Platyer,  tpinoam  Quenstadt. 

Forbesiocrinns  Pratteni  McChesney,  see  Meloer,  Pratteni  {f), 

Otocrinns  d'Orbigny,  syn.  of  Perieekoerinus, 

O.  monili/ormvt  Mi  Her ,  see  Perieekoer.  moniliformis, 

Oilberttocrinns  Phillips,  syn.  of  OUaerinw  Camberland. 

G,  bursa  Phill.,  see  Ollaer,  bursa, 

G,  ealearatus  Phill.,  see  Ollaer.  ealearatus, 

G,  fiseellus  Meek  and  Worth.,  see  Ollaer,  fisesUus 

G,  mammUlaris  Phill.,  see  Ollaer,  mamUlaris. 

G.  simplex  Portlock,  see  Ollaer,  simplex, 

Olosteroorinns  Hall.    Not  sufficiently  defined. 

G.  elongatus  Hall     A  Tery  imperfect  specimen. 

Olypytocrinns  Hall. 

G,  armosus  MoChesney.    Described  from  casts. 

G.  Baeri  Meek,  see  Reteocr,  Baeri, 

G.  basalis  McCoy.    Insufficiently  described. 

G.  Carleyi  Hall,  see  Mariaer,  Carleyi, 

G,  cognatus  S.  A.  Miller,  see  Reteoer.  eognatus, 

G.  Dyeri  yar.  subglobosus  Meek,  see  Glyploer,  subglobosut. 

G.  expansus  Phill.  (d*Orb.).  see  Sagenoer.  expansus, 

G,  gracilis  Wetherby,  see  Reteoer.  gracilis 

G.  laeunosus  Billings,  see  ArehtBoer,  lacunosus. 
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G.  libanut  Safford.     Not  defined. 

G.  marfftnattu  Billings,  see  Arekmocr,  margmatus. 

G.  OWea/Zt  Hall,  see  Rtttot^,  O'NeaUi, 

G.  plumontt  Hall.     Detached  columns  and  arms. 

G.  quinquepartitua  Billings.     Detached  columns. 

G.  Bickardsoni  Wester  by,  see  Reteoer,  Rtehardtoni. 

G.  iipKonatUM  McChesnej.    Described  from  oasts. 

Ooniasteroidoorinus  Ljon  and  Cass.,  sjn.  of  OUaermut, 

G.  fiteellut  Meek  and  Worth.,  see  Ollaer,  JUeellus, 

G.  obovatui  Meek  and  Worth.,  see  OUaer.  obovatui. 

G.  tenuiradiatut  Meek  and  Worth.,  see  Ollaer,  tenuiraeUatut. 

G.  tuberotus  Ljon  and  Cass.,  see  OUacr.  tuberonu. 

Habrocrinus  Angelin,  sjn.  of  Carpocrimut  Miiller. 

H.  anulatui  Angel.,  see  Carpoer.  anulaUu. 

B.  eariotoltu  Angel.,  see  Carpoer,  eariotolut, 

JI.  comtut  Angel.,  see  Carpoer,  eomtus, 

//.  decadactylut  Angel.,  see  Carpoer,  deeadactylus, 

n,  grandis  Angel.,  see  Carpoer,  grandia, 

//.  granulaiut  Angel.,  see  Carpoer,  grantUaius, 

II.  Imvia  Angel.,  see  Carpoer,  Imvit, 

U,  longimanua  Angel.,  see  Carpoer,  longtinanus, 

JI.  omatisiimut  Angel.,  see  Carpoer,  omatitnmua, 

H,  ornatut  Angel.,  see  Carpoer.  omatua. 

H.  pinnulatus  Angel.,  Carpoer.  pinnulatus, 

II.  robustua  Angel.,  see  Carpoer,  robustua, 

II.  ttnuia  Angel.,  see  Carpoer,  tenuia, 

II.  umbonatua  Angel.,  see  Carpoer,  umbonatua, 

Hadrocrinus  Ljon.    See  doubtful  genera. 
//.  pentagonua  Ljon.    Lnperfectlj  known. 

Harmoorinus  Angelin,  sjn.  of  Stelidioerinua, 

II.  longimanua  Angel.,  see  Stelidioer,  longimanua, 

Hexaorinus  Goldfdss. 

//.  decagonua  Goldf.  (Bigsbj),  see  Storthingoerinua, 

n.  depreaaua  Austin,  sjn.  of  Hezaer,  interacapularia. 

II.  eboraeeua  Hall  (Bigsbj),  see  Platyer,  eboraeeua, 

H.  Erienaia  Hall  (Bigsbj),  see  Platyer,  Erienaia, 

II.  frittllua  Miiller  (Bigsbj),  see  Storthingoerinua. 

II.  melo  Austin,  sjn.  of  Hexaer,  interaeapularia, 

II.  nodiger  Eichwald.    Described  from  detached  columns. 

Icosidactjloorinites  Troost.    Not  defined. 

Ljrioorinus  Hall. 

L.  aculptilia  Hall.    Described  firom  an  indistlnet  cast. 


1881.]  NATURAL  8CISN0K8  OF  PHILADELPHIA.  40t 

lUerottylooriniu  Hall. 

if.  fateiatiu  Hall,  syn.  of  Maerottylocr,  MeekiL 

XarlaeriBiu  Hall  (partlj  sjn.  of  Melocrinut, 

M,  maeropetaltu  Hall  (oompare  with  Oorymbocrinuti). 
M.  nohiUatimtu  Hall,  see  Meloer,  nobiliuiwuu. 
if.  paehydactylu9  Hall,  see  Meloer,  paehydactyhu, 
M.  pmuddactylus  Hall,  see  Melocr,  paucidactylu*, 
M,  permiffer  Salter  (MS.).    No  description  published. 
M.  ttoloniferua  Hall.    Described  from  oolamns. 

Xarsupiocrinus  Phillips. 

M.  daeUflua  Hall,  see  Ljfriocr^  dactylua. 

M,  dubiut  Angelin.    ETidentlj  an  Actinocrinoid. 

Xedniaorinns  Austin.    Not  defined. 

Xegistoorinns  Owen  and  Shumard  (not  Angelin). 

M.  infelix  Winchell  and  Maroy,  see  Perieehoer,  ChrUtyx  (Hall). 
M.  Mareouanut  Winch,  and  Maroj,  see  Perieehoer.  Chrietyi  (Hall). 
M.  necit  Winch,  and  Marcj.    Described  fh>m  casts. 
M,  parvirottrit  Meek  and  Worth.,  see  MegUioer,  Evaruii. 
M.  plenue  White,  syn.  of  Megistocr.  Evanm, 
M.  Whitei  Hall,  see  Perieehoer,  Whitei. 

Kiloeriniu  Goldfoss. 

M.  amphora  Ooldfdss,  syn.  of  Amphoraer,  GilherUoni, 

M.  eeulptut  Hall.    Described  ftrom  basal  plates. 

M,  anffustus  Angelin,  see  Mariaer.  angueUu. 

M.  obeonieut  Hall,  see  Mariaer.  obeonietu. 

M.  Imms  Goldf.  (not  Roemer),  syn.  of  Meloer.  gibboetu. 

M.fomieaftu  Goldf.,  syn.  of  Meloer.  pyramidalis. 

Ophiocrinns  Angelin.    Preoccupied  by  Salter,  1852,  and  Semper,  1868. 
Pentagonites  Rafinesque.    Described  fh>m  detached  plates. 

Ptridehoorinns  Austin. 

P.  anulatut  Angelin.     Described  from  detached  plates. 

P.  eoetatue  Austin,  syn.  of  Perieehoer,  moniltformie. 

P.  geomelrieus  Angelin.    Detached  plates. 

P,  globonu  Austin.    Not  defined. 

P.  granditcutatue  Angelin.     Detached  plates. 

P.  Irnvit  Angelin  (not  Portlock),  see  Perieehoer.  mtMr  W.  and  Spr. 

P.  tnultieottatus  Angelin.    Detached  plates. 

P.  undulatue  Angelin.     Detached  plates. 

PhiUipsoorinus  McGoyi  see  Meloerinue  and  Aetinocrimu. 

P.  earyoennoidee  McCoy.    Probably  a  malformed  Aetmoermui. 
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FhcBnieoorinuf  Austiiii  syn.  of  Carpocrmut  MiiUer. 
P.  simplex  Phillipt  (Austin),  see  Carpoer.  nmpUx. 

Pionoerimu  Angelin,  bjd.  of  Carpocrmus  MUller. 

P.  affinis  Angelin,  see  Carpoer.  affinis. 

P.  tUganiulue  Angelin,  see  Carpoer.  eUgantuluM, 

P.  fareius  Angelin,  see  Carpoer.  faretut. 

P.  ptUchellut  Angelin,  see  Carpoer.  pulehellus. 

P.  timplez  Phillips  (Angel.),  see  Carpoer,  nmplex. 

PUtyerinns  Miller. 

P,  anaglypticM  Goldfass,  see  Hexaer.  anaglypUeus. 

P,  alutaeeut  Goldf.  syn.  of  Symbaikoer.  altUaeeut. 

P,  armdixoni  Troost.    Not  defined. 

P.  anntUatw  Goldf.,  syn.  of  Hexaer.  atutglyptieut, 

P.  antheiiontet  Austin,  syn.  of  Plaiyer.  pUeattu. 

P.  armatut  MUnster.     (We  haye  not  seen  the  description.) 

P.  aaper  Goldf.  (not  Meek  and  Worth.),  Storthingoer.  fritUhie, 

P.  brevia  Goldf.,  see  Hexaer.  brevU. 

P.  Buchii  Roemer,  see  Hexaer.  Buchii  (f), 

P.  clytis  Hall,  syn.  of  Plaiyer.  teobina  Meek  and  Worth. 

P.  compressus  Eichwald.    Pieces  of  column. 

P.  decay  onus  Goldf.,  see  Siortkingoerinus. 

P,  deeoratus  F.  A.  Roemer  (?). 

P.  depressus  Aust.  (not  Owen  and  Shum.,  nor  Sandberger),  syn.  of  Hexaer. 

inter scapularis. 
P.  depressus  Goldf,  syn.  of  Hexaer,  interseapularis  Schultse  (?  W.  and  S.). 
P.  depressus  Owen.    Not  defined. 
P.  eehinatus  Sandberger,  syn.  of  Hexaer.  omatus. 
P,  ell^tieus  Austin  (not  Phill.).    Not  defined. 
P,  elonyalus  Goldf.,  see  Hexaerinus  elongatus, 
P.  elongatus  Phillips,  see  Dichoer.  elomgatus, 
P.  ezeavaius  Hall,  <6yii.  of  Platycr.  diseoideus. 
P.  exscuiptus  Goldf.,  see  Hexaer.  exseulpius. 
P.  exaertus  Hall,  syn.  of  Plaiyer.  burUnglonensis. 
P.frondosus  Goldf.,  syn.  of  Hexaer.  anaglyptieus. 
P.  grantfer  Roemer,  syn.  of  Hexaer.  interseapularis. 
P.  granuliferus  A.  Roemer,  see  Hexaer.  granultferus. 
P.  Ooldfussi  Miinster,  syn.  of  Hexaer,  elongatus. 
P.  HunisvillsB  Troost.    Catalogue  name. 
P.  inseulpius  Troost.    Catalogue  name. 
P.  insularis  Eichwald,  perhaps  Hexaerinus  (?). 
P.  inornatus  McChesney,  syn.  of  Plaiyer.  burUngtonensis, 
P.  interacapularis  Phill.  (not  Miller),  Hexaer.  interseapularis, 
P.  Itevigaius  Goldfuss,  syn.  of  Hexaer.  anaglyptieus. 
P.  Leae  Lyon,  see  Hexaer.  Less. 
P.  melo  Austin,  syn.  of  Hexaer,  interseapularis. 
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F,  MOleri  M0C07  (Piot^t),  CyathocrinxAt  (f), 

P,  minutu9  Schnurr,  lyn.  of  Storthingocr,  /ritUlus. 

P.  nmlHbrackiatut  Meek  and  Worth.,  Bjn.  of  Platyer,  dUwideua. 

P.  muricalus  Goldf.,  syn.  of  Hezacr,  anaglyptieut, 

P,  nodulotui  Goldf.  (not  Hall),  lee  Symhathocr.  nodtUonu. 

P.  nodobrachiatus  Hall  (1861,  not  18M),  lee  PI,  pirasper. 

P.  nodotus  Wirtgen  and  Zeiler,  lee  CuUcoer,  nodows, 

P.  olla  Hall  (not  de  Kon.),  syn.  of  PL  ITalh  Shum. 

P,  omattu  Goldf.  (not  McCoy),  see  Hexaer,  omatuM, 

P,  Owem  Meek  and  Worth.,  syn.  of  Platyer.  rtgalii  Hall. 

P.  par  out  Hall,  see  (hrdylocr,  parvus. 

P.  pentangulcnris  Miller.    A  Blastoid. 

P.  PhiUipsii  d'Orbigny,  syn.  of  Jlexacr.  macrotaitu. 

P.  planus  Owen  (not  Owen  and  Shum).    Not  defined. 

P.  plumotut  Hall,  see  Cordylocr.  plumotus, 

P,  polydaetylus  Troost.    Catalogue  name. 

P.  punctohraehiatus  Hall  (probably  not  Platycrinus). 

P,  putiUua  Goldf.,  syn.  of  Storthingocr,  fritiUus, 

P.  ramulosus  Hall,  see  Cordylocr.  ramulotus, 

P.  retiarius  Phillips.     (We  found  no  description). 

P.  rosaeeus  Roemer,  see  Ooccoer.  rotaceus. 

P.  rosaeeus  Goldf.,  syn.  of  Hexaer.  callotus.  * 

P.  rugosus  Goldf.  (not  Miller),  Storthingocr.  fritillus, 

P.  seaber  Goldf.,  Storthingocr.  fritiUus. 

P.  «<»6tcu/a/a-lineatus  Goldf.,  Storthingocrinus. 

P.  ttellaris  Roemer,  see  Hexaer.  stellarii. 

P.  ttriobrachiatut  Hall,  syn.  of  Platyer.  earrugaius. 

P.  tabulatus  Goldf.,  Symbathoer.  tabulatus. 

P.  Tennetteenna  F.  Roemer,  Martupiocr.  Tennesteeniis. 

P.  tentaculatus  Hall,  see  Martupiocr.  tentaeulatua. 

P.  triaeontadaetylus,  syn.  of  PI.  trigintidactylus. 

P.  truncatut  Hall,  syn.  of  Platyer,  americanua, 

P.  ventrieoaut  Goldf.,  see  Hexaer,  ventricostu. 

P.  verrueonu  White,  syn.  of  Platyer.  poeilb/ormit, 

Pleuroorinns  Austin,  see  Platycrinus. 

Pomatocrinus  Koenig,  MS.,  not  published. 

Pradoorinus  de  Vemeuil,  syn.  of  Perieehoerinus* 
P.  BayUi  de  Vemeuil,  see  Perieehocr.  Baylii. 

Ptarotocrinns  Lyon  and  Casseday. 

P.  rugosus  Lyon  and  Cass.    Not  sufficiently  defined. 

Pyzidocri&ns  Miiller  (see  our  remarks  on  Actinoerinidse). 
P.  prumiensit  Miiller,  see  Doryer.  prunuenna. 
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Uodoorimu  Miller. 

R.  cuperatus  Billingi.    Not  tufflefeatly  knowii. 

R,  Barrtsi  (Tar.),  dtPirfferu  Hall,  sya.  of  Rk.  BmritL 

R.  bursa  Phillips  (Austin).     S«e  OlUxer.  burta, 

R,  calcar<Uu8  Phillips  (Austin),  see  OUaer,  eakaraiua, 

R.  eanaUculatua  Goldf.    Detached  eohimns. 

R.  eo8tatut  Austin.    Not  suifioientlj  defined. 

R.  entiatiu  Ooldf.,  see  RH^ndocr.  crentUut. 

R,  tehinatua  Schlottheim.     Detached  columns. 

R.  gigat  Billings.     Detached  columns. 

R,  granulatut  Austin.    Not  sufficiently  defined. 

i?.  gyraim  Goldf.    Detached  columns. 

R.  melista  Hall,  see  Lyrioer,  fn§H89a. 

R.  mammillarU  PhilL  (Austin),  OUacr.  mammiUmrU, 

R,  merobtuilis  Billings,  see  ArehiBOcr.  nUercbatUii, 

R,  mutabUis  Austin.    Not  defined. 

R'  pyriformU  Billings,  see  Arehmocr,  pyHftfrmis, 

R.  quinquangularis  Miller.     Detached  columns. 

R.  qumquelobut  Schultie,  see  Euerimu  guinqueiobuM. 

R,  qmnquepartUiu  Goldf.     Detached  columns. 

R.  rectus  Hall,    (Probably  a  Gystidean.) 

R.  timplex  Portlock  (?). 

R.  tetteUatus  Steininger,  syn.  of  Rkipidocr,  ertnatut, 

R,  tortuonu  Roemer.    Detached  columns. 

Saocoorinus  Hall,  syn.  of  Perieckoermui. 

S.  Christgi  Hall,  see  Perieehocr,  Chrittgu 

S.  temiradiatus  Hall.    Described  from  a  oast. 

iS*.  specionu  Hall,  see  Perieehocr,  wpeeioeue, 

8.  tenneeteeruis  Troost.    Not  defined. 

S,  Whitfieldi  Hall,  syn.  of  Pnieehoer.  Ckrutyi, 

fiagenoorinus  Austin. 

8.  giganteue  Austin.    Net  sufficiently  defined. 

Sohisoorinus  Hall,  see  "  doubtfiil  genera." 

fieyphoorinus  Hall  (not  Zenker).    Ibid. 

8ph»roorinus  Meek  and  Worth,  (not  Roemer),  see  Doryerinut, 
8,  coneatnu  Meek  and  Worth.,  see  D&ryer,  eoncatme, 

Bphenocrinus  Eichwald.    Described  from  pieces  of  column. 

fitrotoorinus  Meek  and  Worthen. 

8,  <uperrmue  Meek  and  Worth.,  see  AeUnocr.  aeperrimut. 
8,  mgihpe  Hall  (M.  and  W.),  see  Teleioer,  mgilope, 
8,  aUhea  Hall  (M.  and  W.),  see  Teieiocr,  edthea. 
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S.  hloomfieldentia  8.  A.  Miller,  sjii.  of  Stroiocr,  re ff alii, 

S,  eetyput  Meek  and  Wortben,  lee  Aetmoer,  eetyput. 

8.  erodut  Hall,  lee  Teleiocr,  eroehu, 

8.  inteulptus  Hall  (M.  W.),  see  TeUiocr.  imculptut, 

8.  UnUui  Hall  (M.  and  W.),  see  TeUiocr.  Uratu$, 

8.  rudis  Hall  (M.  &  W.),  see  TeUiocr.  nuki. 

8.  iubumbroetu  Hall  (M.  and  W.),  syn.  of  Teleiocr.  liratut. 

8.  umbrosus  Hall  (M.  and  W.),  see  Teleiocr.  umbroeue. 

Bjringocriniu  Billings.    Imperfectly  known. 

8.  paradoxus  Billings.    Parts  of  the  arms  (?). 

Tazoerinns  simplex  PhilL  (Austin),  see  Oarpocr.  simple^. 

Ttehnoorinns  Hall. 

T.  tculptut  Hall.    Described  from  ba^l  plates. 
,T.  etriatus  Hall.    Described  ftrom  basal  plates. 

Tetrameroorinites  Austin.    InsufELcientlj  and  eyidently  incorrectly  defined. 
T.formoiua  Austin.    Undeterminable. 

Trematocrinus  Hall. 

T.  fiscellue  Meek  and  Worth.,  see  Ollacr.  fitceUut. 

T  papillattu  Hall,  see  Ollacr.  tuberculonu. 

T.  reticulattu  Hall,  see  Ollacr.  reliculatue. 

T.  robustue  Hall,  see  Ollacr.  robuetue. 

T.  tpinigerus  Hall,  see  Ollacr.  tpinigcrtu. 

T.  tuberculowut  Hall,  see  Ollacr.  tttbercuUmu. 

T.  typtu  Hall,  see  Ollacr.  typtu, 

Triplarierinites  Goldf.    A  catalogue  name. 

Troehiorinites  Pander,  syn.  of  PeriecKocrinut, 

T.  gotlandicue  Pander,  see  Periechocr^  gotlandicus. 

Tryblioorinus  Geiniti  (t). 

Thysanoorinus  Hall,  syn.  of  Dimerocrintu. 

T.  aculeaiue  Hall.    Described  from  fragmentary  arms. 

71  canaliculattu  Hall.    Arm  fragments. 

T.  nucrobasilie  Billings,  see  Archaocr.  microbanlie. 

T.  immatunu  Hall,  see  Dimerocr.  immaturua. 

T.  lUiiformU  Hall,  see  Dimerocr.  liliifortnit. 

T.  microbanlis  Billings,  see  Arehmocr.  nnerobasHit. 

T.  pyriformit  Billings,  see  Arehmocr.  pyriformit. 

Turbiaocrinus  Troost.    Not  defined. 
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EXPLANATION  OP  THE  PLATES. 
The  follomng  letters  denote  the  iame  parti  throughout  all  the  platet, 

u  =  underbasals. 
b  =  basals. 

r  =  radials  (r*  primary  radials,  r*  seoondary  radials,  etc.). 
%  =  interradials. 
d  =  interaxillary  plates. 
ed  =  central  dome  plate. 
pd  =  proximal  dome  plates. 

rd  =  radial  dome  plates  (rcT  =  secondary  radial  dome  plates). 
id  =  interradial  dome  plates. 
dd  =  interbrachial  dome  platen 
a  —  arm  plates. 
fa  =  fixed  arm  plates. 
fp  =  fixed  pinnnles. 
X  =  anal  plates. 
xd  =  anal  dome  plates. 
A  =  arms. 
AO  =  arm  openings. 
FR  =  free  rays. 
LA  =  interradial  appendages. 
BP  ^=  respiratory  pores. 

H=  hydrospires. 
AT=  ambulacral  tubes  beneath  the  vault. 
O  =  galleries  beneath  the  vault. 
/=  interpalmar  spaces. 
X  —  anus. 
C  —  column. 

EXPLANATION  OF  PLATE  17. 

Fig.  1.  Platycrinue  regalis  Hall.    The  plates  in  calyx  and  vault. 
Fig.  2.  Olktcrinui  tuberculoiUi  Hall.    The  plates  in  the  calyx,  and  those 
of  the  interradial  appendages  and  arms. 


EXPLANATION  OF  PLATE  18. 

Fig.  1.  Extended  rim  of  Strotoerinue  regaUe  (dorsal  side).  All  plates 
below  the  secondary  radials  broken  away,  exposinc;  to  view  the  inner 
fioor  of  the  vault.  (This  figure  in  connection  with  figs.  2,  8, 4,  5,  6,  7, 
is  designed  to  illustrate  the  character  of  a  continuous  rim  and  of  free 
rays  as  extensions  of  the  body,  their  relations  to  the  arms,  and  the 
derivation  of  the  arms  from  pinnules.) 
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Fig,  9.  Strotocrintti  wbumbroiui  Hall.  Half  of  one  ray,  showing  the 
mode  of  branching.  The  medium  lines  indicate  the  course  of  the 
radial  ridges  at  the  surface  of  the  plates. 

Fig.  8.  Steganocrinui  Bculptus  Hall.  Showing  the  f^ee  rays  and  the  lateral 
arms. 

Fig.  4.  Side  view  of  a  portion  of  a  free  ray  in  Steganocr.  ieutptUB, 
showing  the  ventral  covering,  and  the  position  of  arm  openings  and 
respiratory  pores. 

Fig.  5.  Transverse  section  of  the  same,  showing  the  form  of  the  inner 
passage. 

Fig.  6.  BetsocrinuM  Bichardioni  Wetherby.  A  part  of  one  of  the  rays 
within  the  calyx,  showing  the  fixation  of  pinnules  by  means  of  inter- 
calated plates. 

Fig.  7.  Eueladocrinui  millehrachiatui  MT.  and  Sp.  Ventral  side  of  body, 
with  free  rays  and  lateral  arms. 

Fig.  8.  Showing  the  position  of  the  apical  dome  plates  in  B(Uoerinui 
pyriformiSf  a  si>ecies  with  a  large,  almost  central  anal  tube. 

Fig.  9.  Arrangement  of  plates  in  the  dome  of  Agaricoerinui. 

Fig.  10.  Apical  dome  plates  of  8teganoerinu$  ieulptui, 

EXPLANATION  OF  PLATE  19. 

Fig.  1.  Vault  of  Ollaerinus  iuberoms  L.  and  C,  showing  the  five  de- 
pressed, oval-shaped  groups  of  small  plates  opposite  the  interradial 
appendages. 

Fig.  9.  Batocrinui  di$eoideui,  showing  the  plates  in  the  calyx.  The 
adjoining  plates  of  the  dome  added  to  show  the  exact  position  of  arm 
openings  and  respiratory  pores.  (The  pores  are  not  visible  where  the 
arms  are  attached,  but  here  figured  to  point  out  their  position.) 

Fig.  8.  Ventral  covering  of  OrancUoerinui  Sayt,  showing  the  apical  and 
other  dome  plates,  also  the  extension  of  this  covering  over  the  ambu- 
lacral  furrows.  (O  =  so-called  ovarian  openings,  f  =  fbrked  plate, 
d  =  deltoid  pieces. ) 

Fig.  4.  Batoerinui  discoideui  Hall.  Horizontal  section  through  the  arm 
openings  and  respiratory  pores,  exposing  their  passages  through  the 
test. 

Fig.  5.  Natural  cast  of  Phyietoerinui  verUrieo^uSf  showing  the  position  of 
certain  pores  or  pits  upon  the  inner  fioor  of  the  vault,  represented  in 
the  oast  as  small  cones. 

Fig.  6.  Cross-section  at  midway  of  Oranatocrinus  Nortooodi  Shumard. 
Showing  the  hydixrapires.  (2  =  lancet  piece  \  AO  =^  ambulacral  and 
food  passage.) 
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Fig.  7.  TeUioerinui  with  traces  of  hydroipires,  fig.  a,  portions  of  two 
pairs  of  ambulacral  tubes  within  the  radiating  tunnels  beneath  the 
vault,  exposing  the  upper  or  ventral  side.  Fig.  ft,  transverse  section 
of  the  same,  indicating  two  compartments  along  the  tunnels,  separated 
by  partition  (pj,  the  upper  containing  the  ambulacral  tub^  the 
lower  the  hydrospires.    (Compare  with  fig.  8. ) 

Fig.  8.  A  pair  of  ambulacral  tubes  in  ActiMcrinu9  glam  Hall,  as  seen 
from  the  inner  side.  Their  exit  into  the  arm  passages  concealed  by  a 
delicate  partition  {p\  partly  surrounding  the  tubes,  and  separating 
them  from  the  hydrospires  ;  the  partition  being  evidently  a  continua- 
tion of  the  delicate  network  which  lines  the  inner  floor  of  the  vault. 
The  hydrospires  are  not  preserved,  but  they  probably  rested,  as  in  fig. 
7,  beneath  the  ambulacral  tubes.  AO  represents  the  arm  openings 
seen  from  the  inner  side  of  the  body. 

Fig.  9.  Internal  cast  of  the  vault  and  f^ee  rays  in  Actinoerimu  multira' 
diatu%.  The  ridges  radiating  to  the  rays  represent  furrows  at  the 
inner  floor  of  the  test. 

Fig.  10.  (Esophageal  network  of  Eretmoerinui  Vem&udianui  Shum. 

Fig.  11.  The  same  organ  in  TeleiocrinuM  ru4i$  Hall. 

Fig,  12.  The  same  in  Batocrinu9,  one  convolution  partly  removed. 

Fig.  18.  The  same  in  a  different  species  of  Batoerinui, 

Fig.  14.  A  part  of  the  same  organ  in  OUaorinui  tuberotui. 

Fig.  15.  A  portion   of  the  network   magnified.    (From  a  specimen  of 

Aeiinocrinus  glam,) 

Fig.  16.  Batoerintii  longirctkit  Hall.  The  test  partly  removed,  exposing 
to  view  the  intervisoeral  plexus. 

Fig.  17.  The  oesophageal  network  seen  from  the  base. 


1881.]  NATURAL  80IEN0E8  OF  PHILADELPHIA.  415 


August  2. 
The  President,  Dr.  Ruschenberqeb,  in  the  chair. 

Eight  persons  present. 

A  paper  entitled  ''  Remarks  on  the  MoUuscan  Genera  Hippagus, 
Verticordia  and  Pecchiola,"  by  Angelo  Heilprin,  was  presented 
for  publication. 


• 


August  9. 
The  President,  Dr.  Rusghenberqbr,  in  the  chair. 
Eleven  persons  present. 


August  16. 
The  President,  Dr.  Ruschenberger,  in  the  chair. 
Nine  persons  present. 


August  23. 

The  President,  Dr.  Ruschenberger,  in  the  chair. 

Nine  persons  present. 

The  death  of  Mr.  John  Welsh,  Jr.,  a  member,  was  announced. 


August  30. 

The  President,  Dr.  Ruschenberger,  in  the  chair. 

Eight  persons  present. 

The  death  of  Mr.  Robert  Kilvington,  a  member,  was  announced. 

The  following  were  ordered  to  be  printed : — 
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A  BSYI8I0K  OF  THE  CIS.XI88I88IPPI  TEBTIABT  PECTSE8  OF  THE 

VHITED  STATES. 

BT  ANGELO  HEILPBIN. 

In  the  accompanying  notes  the  author  has  attempted  to  give  a 
complete  list  of  all  the  Pectena  thus  far  described  from  the  tertiary 
deposits  of  the  United  States  east  of  the  Mississippi  River, 
indicating,  as  far  as  possible,  their  range  in  time  and  their 
geographical  distribution.  The  rather  hap-hazard  method  in  which 
the  tertiary  palaeontology  of  a  great  portion  of  the  United  States 
has  thus  far  been  treated  has  rendered  the  statement  of  this  last 
a  matter  of  great  difficulty,  and  doubtless  the  range,  both  in  time 
and  space,  of  many  of  the  species  herein  enumerated,  will  require 
emendation  when  more  accurate  data  will  have  been  brought 
directly  from  the  field  itself. 

The  titles  of  the  various  works  quoted  are  indicated  by  the 
following  abbreviations : — 

J.  A.  N.  8.  Journal  of  the  Academy  of  Natural  Sciences  of  Phila. 

Proc.  A.  N.  8.      Proceedings  of  the  Academy  of  Natural  Sciences. 

A.  J.  Science.       American  Journal  of  Science  and  Arts. 

A.  J.  Conchol.      American  Journal  of  Conchology. 

Mioc.  Fobs.  Conrad*s  <*  Fossils  of  the  Medial  Tertiary  of  the  United 

States.'' 
Syn.  Org.  Rem.    Morton's  **  Synopsis  of  the  Organic  Remains  of  the 

Cretaceous  Group." 
Plioc.  Foss.  '*  Pleiocene  Fossils  of  South  Carolina, "  by  Tuomey  and 

Holmes. 

The  generic  names  placed  in  parenjtheses  indicate  the  names 
under  which  the  given  species  apper  in  the  "  Smithsonian  Check 
Lists  "  of  1864  and  1866. 

Eocene. 
P.  anitoplaura  Conr.  N.  C»r. 

Kerr,  <'Geol.  Survey  of  North  Carolina,"  1875,  Appendix,  p.  18. 

P.  ealvatus  Mort.  (Camptoneotes)  6.  Car. 

Syn.  Oi)?.  Remains,  p.  68  iJaekionian). 

P.  CarolineniU  Oonr.  N.  Car. 

Kerr,  "Geol.  Survey  of  North  Carolina,"  1875,  Appendix,  p.  18. 

?  P.  ClaibemAiiaU  Conr.  (CamptoneotM).  Ala. 

Smithsonian  Check  List,  1866. 
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I  have  been  unable  to  discover  the  description  of  this  species. 
A  specimen  with  this  name  in  the  Academy's  collection,  and 
marked  in  Conrad's  handwriting,  scarcely  admits  of  positive 
specific  determination.  It  has  been  considerably  eroded,  and 
appears  as  though  it  may  have  been  either  closely  related  to,  or 
identical  with  P,  calvalus  (Mort.)* 

P.  Dotluiyeiii  Lea.  Ala. 

<*  Contribations  to  Geology,"  p.  87. 
P.  Lyelli  Lea.     **  Contr.  to  Geol.,"  p.  88    (young). 

Both  of  Lea's  figured  specimens  are  in  the  Academy's  collection^ 
and  show  beyond  doubt  that  they  belong  to  one  and  the  same 
species,  what  there  is  of  P.  Lyelli  corresponding  precisely  to  the 
earlier  formed  portion  of  P,  Denhayesii.  This  last  must  be  care- 
fully distinguished  from  the  P,  Deshayesii  of  Nyst  ("  Coqu,  et 
Polyp.  Fos8.^^^  p.  288),  which  was  founded  on  the  erroneous 
supposition  that  Lea's  species  was  only  a  variety  of  P,  opercu- 
laris,  Lam. ;  a  new  specific  name  should  therefore  be  given  to  the. 
Belgian  Pecten, 

P.  elixatUf  Conr.  (Janira),  Jaek§onian  t  S.-Car:. 

Proc.  A.  N.  8.,  ii,  p.  174, 

P.  Xniaskomi  Conr.  N..  J. 

A.  J.  Conchol.,  V,  p.  40  (described  from  a  cast). 

P.  mtmbranosiu  Mort.    Jaektonian.  Ala. ;  6..  Car..;  5.  Car. 

Syn.  Org.  Rem.,  p.  69. 

P.  nnpenil  Conr.    Jachtouian.  Misi. 

Proc  A.  N.  8.,  vli,  p.  259. 

P.  seiBtillAtiu  Conr.  (Camptoneotes).  Misa. 

A.  J.  Conchol.,  1,  p.  140,  as  EhumeopeeUn. 

Oligocskb. 
P.  aastipei  Mart.  Ala. 

Syn.  Org.  Rem.,  p.  58. 

P.  psrplsrnt  Mort.  Ala. ;  Miss. 

Syn.  Org.  Rem.,  p.  58. 

P.  BpiUmani  Gabb.    J.  A.  N.  8.,  2d  series,  iv,  p.  402. 

The  original  specimen  of  P.  Spillmani  in  the  Academy's  collec* 
tion  agrees  thoroughly  with  P.  perplanus,  and  is  marked  as  its 
equivalent  in  Gabb's  handwriting. 

P.  PoulBOni  Murt.  ( Janira).  Ala. ;  Misi. 

Syn.  Org.  Rem.,  p.  59. 
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Miocene. 
P.  Mforxnii  Conr.  V». 

Proc.  A.  N.  8.,  iy  p.  806.    Mioc.  Fosa.,  p.  78. 

This  species  appears  at  first  sight  to  be  closely  related  to  the 
P,  Danicus  of  Chemnitz,  from  which,  however,  it  can  be  readily 
distinguished  by  the  profound  notch  under  the  ear  of  the  right 
valve,  the  greater  concavity  of  the  opercular  valve,  and  the  more 
prominent  and  irregular  lines  on  the  inferior  moiety  of  the  ribs  of 
the  convex  valve. 

P.  Mrinns  Conr.  Md. 

A.  J.  Concbol.,  V,  p.  89. 

P.  eomparilis  Tuomey  and  Holme?.  Va.  \  N.  Car. 

Plioc.  Fobs.,  p.  29. 
P.  eboreui  Cour.  (in  part). 
=  Specimen  marked  by  Conrad  as  P.  TorkenUi, 
P,  micropleura  (young)  H.  C.  Lea.    Transactions  Am.  Philosoph. 
Society,  ix,  p.  245, 

The  specimens  which  constitute  the  P.  eomparilis  of  Tuomey 
and  Holmes  were  included  by  Conrad  in  his  P.  eboreus,  but  the 
two  can  be  readily  distinguished  from  each  other  in  the  character 
of  the  ribs,  which  in  P.  eomparilis  are  considerably  more  elevated, 
and  much  more  distinctly  marked  off  from  the  general  surface  of 
the  valve.  I  have  retained  as  the  type  of  Conrad's  P.  eboreus  the 
forms  agreeing  with  the  figure  in  the  "  Fossils  of  the  Medial 
Tertiary  of  the  United  States."  The  P.  eomparilis  bears  in  many 
respects  a  close  resemblance  to  P.  purpuraius  Lam.,  from  the 
coast  of  Peru,  but  it  may  be  easily  distinguished  by  the  ribs  in 
the  interior  faces  of  the  valves  passing  prominently  to  the  umbonal 
region,  whereas  in  P.  purpuratus  they  become  indistinct  a  short 
distance  from  the  margin,  and  appear,  moreover,  much  broader. 
P.  eomparilis  is,  again,  less  ventricose  on  the  umbonal  region,  but 
more  convex  toward  the  basal  margin.  The  intermediate  scaly 
rib  between  the  principal  ones  present  in  P.  purpuratus  is  wanting 
in  P.  eomparilis.  The  ears  are  in  P.  eomparilis  less  prominently 
marked  by  the  radiatuig  lines. 

P.  daeemnarims  Conr.  Va. 

J.  A.  N.  S.,  vii,  p.  151.    Mioc.  Fobs.,  p.  49. 

P.  difpalatm  Oonr.  Va. 

Mioc.  Foss.,  74. 
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P.  eboreni  Conr.  Va. ;  N.  Car. 

A.  J.  Science,  xxiii,  p.  841.    Mioc.  Fobs.,  p.  48. 
P.  Bolbrooki  Rav.    Proc.  A.  N.  8.,  ii,  p.  96. 

Two  species  were  included  by  Courad  under  this  name,  the 
second  being  the  one  subsequently  described  by  Tuomey  and 
Holmes  as  P.  coniparilis. 

P.  Kdgeeombeniii  Conr.  N.  Car. 

Proc.  A.  N.  8.,  1862,  p.  291.     Not  figured. 

The  species  is  described  from  a  specimen  in  the  Smithsonian 
Institution  which  I  have  not  had  an  opportunity  to  examine. 

P.  ftratemai  C<»iir.  Va. 

Proc.  A.  N.  8.,  1862,  p.  291. 
f  P.  tricarinatui  Conr.     A.  J.  Conchol.,  iii,  p.  189. 

I  have  not  seen  a  specimen  of  P.  fratemuSj  but  its  8i>ecific 
description  accords  well  with  the  specimen  marked  in  Conrad's 
handwriting  P.  iricarindtus^  which  I  liave  good  reason  to  believe 
is  the  very  specimen  from  which  the  description  of  P.  fratemus 
has  been  taken. 

P.  Hamphreysii  Conr.  {Oliffoeene  f),  Md. ;  N.  J. 

Proceedings  of  the  National  Institution,  p.  194. 

The  convex  valve  of  the  average  specimens  of  this  species  very 
closely  approximates  the  recent  P.  laqueatua  of  Sowerby 
("  Thesaurus  Conchyliorum,"  i,  p.  46),  from  the  northwest  coast 
of  America,  both  in  outline  and  ornamentation,  but  differs  in  the 
lesser  numl)er  (only  six  instead  of  eight),  lesser  prominence,  and 
greater  irregularity  of  the  ribs,  which  also  spread  out  broader 
towards  the  basal  margin.  The  valve  is,  moreover,  considerabl}' 
less  ventricose  than  in  P.  laqaeatus,  I  have  been  unable  to  make 
any  comparisons  between  the  opercular  valves. 

P.  Jefforsoniai  Say.  Md. ;  N.  Car. ;  Va. 

J.  A.  N.  8.,  iv,  p.  133.    Conrad,  Mioc.  Fobs.,  p.  46. 

P.  lUdiBoniai  Say.  Md.;  N.  Car.;  Va. 

J.  A.  N.  8.,  iv,  p.  134.    Conrad,  Mioc.  Foss.,  p.  48. 

P.  MAgellanieni  Gmelio.  Md. ;  N.  Car. ;  Va. 

8yst.  Nat.,  8317. 

P.  Clintoniui  Say.    J.  A.  N.  8.,  iv,  p.  135. 
P.  princepoidM  Emmons.    N.  Car.  Geol.  8urv.,  1858,  p.  280. 

I  have  compared  both  young  and  old  specimens  of  the  P.  Clin- 
toniu8  with  those  of  P.  MagellanicuSj  and  have  no  hesitation  In 


420  PBOCEEDINOS  OF   THE  ACADEMY  OF  [1881. 

Stating  that  they  all  belong  to  but  one  species.  Some  of  the 
fossil  specimens  do  not  differ  nearly  as  much  from  the  recent  one 
as  the  individual  specimens  of  the  latter  do  among  themselves. 
The  statement  of  Say  that  the  sides  of  the  shell  {F.  Glintonius) 
below  the  auricles  slope  much  more  rapidly  downwards  than  in 
O.  Magellanicus  is  erroneous ;  nor  is  there  any  appreciable  diflfer- 
ence  in  the  character  of  the  radiating  striae. 

P.  Peedeeniii  Tuomey  and  Holmes.  N.  C*r. 

Plioc.  FcMss.,  p.  80.    (See  P.  Peedeerms  under  Pliocenb). 

The  only  authority  I  have  (in  addition  to  the  statement  of 
Emmons)  for  stating  that  this  species  is  found  in  the  Miocene 
deposits  of  North  Carolina  rests  on  an  examination  df  one  solitary 
valve  of  a  specimen  marked  by  Conrad  P.  (Liropecten)  Carolin- 
enais  (described  in  Kerr's  Qeol.  Rep.  of  North  Carolina,  Appendix, 
p.  18),  which,  as  far  as  I  have  been  able  to  determine,  does  not 
differ  essentially  from  the  P.  Peedeensiik  of  Tuomey  and  Holmes. 
The  specific  name,  CarolinensiSj  is  preoccupied  by  an  Eocene 
species. 

P.  Sos^rii  Conr.  Va. 

J.  A.  N.  S.y  yii,  p.  151.    Mioo.  Fobs.,  p.  45. 

P.  leptemnarias  Say.  Md. ;  Va.* 

J.  A.  N.  8.,  iv,  p.  186.    Conr.,  Mioo.  Foss.,  p.  47. 

I  am  inclined  to  believe  that  this  species  will  be  found  to  be  a 
mere  variety  of  P.  Jeffersonius  Say ;  want  of  a  sufficient  num- 
ber of  specimens  with  which  to  make  the  comparison  has  pre- 
vented me  from  making  a  positive  determination. 

?P.  trioarinAtui  Conr.  Va. 

A.  J.  Conchol.,  iii,  p.  189. 
—  P.  fratsmui  f  Conr.     (See  P,  fratemus,) 

p.  trioenarias  Conr.  Va. 

Froc.  A.  N.  8.,  i,  p.  808.    Mioc.  Foss.,  p.  74. 

P.  vioenarias  Conr.  N.  Car. 

Froc.  A.  N.  8.,  i,  p.  806. 

Closely  related  to  P.  comparilis  T.  &  H. 

P.  Yirginianns  Conr.      •  Va. 

Mioc.  Fo88.,  p.  46. 
P.  tenuis  H.C.  Lea.    Trans.  Am.  Philos.  8oc.,  ix,  p.  fl46. 

Mr.  Searles  Wood  ("  British  Crag  Mollusca,"  Bivalves,  p.  25. 
Palaeont.  Soc.  Reports,  1856),  states  that  this  shell  somewhat 
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resembles  the  P.  Gerardii  of  Nyst,  found  in  the  Coralline  Crag 
of  England,  but  that  it  differs  among  other  characters  in  being 
broader  than  high,  and  in  having  the  auricles  more  developed.  I 
have  compared  Conrad's  specimens  with  Wood's  figure,  and  find 
the  statement  concerning  the  ears  to  be  correct;  the  relative 
dimensions  of  the  shell  are,  however,  not  constant. 

Pliocene. 

I  have  adopted  Tuomey's* determination  of  the  South  Carolina  post- 
Eocene  deposits,  there  being  as  yet  not  sufficient  evidence  to  prove  that 
they  arc  of  Miocene  age,  as  insisted  upon  by  Conrad. 

P.  affinil  Tuomoy  and  Ilolmes.  S.  Car. 

Plioc.  Fobs.,  p.  26. 

I  have  seen  no  s^^ecimcns  of  this  species. 

P.  oomparilii  Tuomey  and  Holmes.  8.  Car. 

Plioc.  Foss.,  p.  29. 

P.  eboreua  Cunr.  S.  Car. 

Mioc.  Fobs.,  p.  48. 
Tuomey  and  Holmes,  Plioc.  Foss.,  p.  28. 

P.  hemioyolns  (Kav.  ?)  Tuomey  and  Holmes.  8.  Car. 

Plioc.  Foss.,  p.  25  (name  quoted  from  Ravenel). 

The  opercular  valve  of  this  species  is  of  the  exact  outline,  and 
very  much  the  appearance  of  the  similar  valve  of  P,  excavatus 
Sowerby  (=  P.  Sinensisf)^  but  is  considerably  less  concave.  It 
is  of  the  shape  and  concavity  of  P,  Jacobfeus,  but  with  more 
numerous  ribs.  The  right  valve  is  less  convex  than  in  P.  excava- 
tuH^  and  wanting  on  its  ribs  the  prominent  lines  found  in  P. 
Jacobseus, 

P.  Karylandioai  Wagner.  N.  Car. 

J.  A.  N.  8.,  viii,  p.  51,  PI.  1,  fig.  2  (very  poorly  figured). 

Described  from  the  Pliocene  of  North  Carolina,  but  more 
probably  Miocene. 

This  species  very  closely  resembles  in  form,  texture  and  orna- 
mentation P.  Islandicus  MiilL,  but  is  less  prominently  ribbed, 
esptcially  on  the  ears  (where  the  ribs  are  also  more  numerous). 

P.  Mortoni  Ravenel  (Amussium).  8.  Car. 

Proc  A.  N.  8.,  ii,  p.  Oe. 

This  species  differs  from  the  P,  Japonicu^  Gmel.,  in  its  larger 
size,  thinner  texture,  and  in  having  the  internal  ribs  arranged  in 
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a  series  of  much  narrower  pairs,  i.  e.,  the  two  ribs  of  each  pair 
are  set  closer  to  each  other,  and  the  intervening  spaces  between 
the  individual  pairs  is  very  much  greater.  The  supposed  distinc- 
tion pointed  out  by  Tuome}'  and  Holmes  that  the  number  of  ribs 
in  P.  3fortoni  is  less  than  in  P.  JiapoMicMS— namely,  forty,  whereas 
in  the  latter,  it  is  forty-six — does  not  hold,  since  the  number  in 
P.  Japonicus  is  very  variable  even  in  the  valves  of  tlie  same  indi- 
vidual, one  sjxicimen  showing  thirty-four  in  one  valv2,  and  forty- 
four  in  the  other. 

P.  Peedellnsil  Taomej  and  Holmes.  S.  Car. 

Plioc.  Fobs.,  p.  30. 

P,  (Liropecten)  Carolinensis  Conr.  (Kerr's  Geol.  Report  of 
North  Carolina,  Appendix,  p.  18),  appears  to  be  but  a  variety  of 
this  species,  having  more  ribs  (twelve). 

This  species  is  stated  by  Tuomey  and  Holmes  to  be  *"  very 
closely  related  to,  if  not  identical  with  P,  nodosus  of  the  Gulf  of 
Mexico.''  It  appears  to  me  that  the  resemblance  exists  only  in 
the  fact  of  the  ribs  in  both  species  being  knobbed,  broken  into 
nodes,  otherwise  the  ornamentation  is  very  distinct,  the  very 
prominent  radiating  ridges  on  and  l>etween  the  ribs  in  P.  nodosus 
being  wanting  in  P.  Peedeensis,  where  they  are  replaced  by  fine 
impressed  lines. 

P.  feptemnariiii  Say.  8.  Car. 

J.  A.  N.  8.,  iv,  p.  86.    Conr.,  Mioc.  Fobs.,  p.  47. 
Tuomey  and  Holmes,  p.  81. 
P.  Jefferioniut  var.  ? 

Pecten  dislocatus  Say,  is  described  from  the  post-Pliocene 
deposits  of  South  Carolina  by  Holmes  ("  Post-Pliocene  Fossils  of 
South  Carolina,"  p.  12),  and  specimens  of  P.  hemicydus  from  the 
same  deposits,  are  in  the  collections  of  the  Academy.  Specimens 
of  P.  irradians  Linn.,  distinctly  showing  the  color  marks,  also 
occur  in  the  newer  formations,  but  I  have  been  imable  to  deter- 
mine the  locality  or  localities  whence  they  have  been  obtained. 
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BBMASK8  OH  THE  KOLLUSCAH  OEHERA  HIPPAOUS,  YEBTICOBDIA 

AND  PECCHIOLIA. 

BT   ANGELO   IIEILPRIN. 

The  genus  Hippagus  was  founded  by  Dr.  Isaac  Lea,  in  1833 
(Contributions  to  Geology,  j).  72),  for  a  small  cordiform  fossil 
shell  from  the  Eocene  deposits  of  Alabama,  whose  external 
appearance  bore  a  somewhat  general  resemblance  to  laorardia. 
Its  ailinities  with  that  genus  were  at  the  time  pointed  out  by 
that  naturalist,  who  did  not  hesitate  to  class  it  in  its  immediate 
neighborhood,  despite  the  great  differences  that  were  presented 
by  the  structure  of  the  hinge  in  the  two  genera.  To  my 
knowledge,  only  two  species,  one  other  than  the  American,  are 
as  yet  known  to  belong  to  this  genus,  the  second  one  being  a 
species  from  the  Arrialoor  Cretaceous  group  of  Stripermatur, 
India,  discovered  by  tlie  late  C.  Aemilius  Oldham,  and  to  which 
Stoliczka  has  applied  the  specific  name  of  ^^^/^'^^/^/^(Pala^onto- 
logia  Indica,  Memoirs  Geol.  Surv.  India,  Cretaceous  Fauna,  iii, 
1).  262).  In  1846  Mr.  Searles  Wood  published  in  the  seventh 
volume  of  Sowerby's  Mineral  Conchology,  p.  6t,  his  diagnosis 
of  a  new  genus  of  fossil  shell,  for  which  he  some  years  j)reviously 
proposed  the  name  Verticordia,  and  which  was  intended  to 
embrace  the  only  species  known  at  the  time,  a  fossil  of  the 
English  crag  (the  Crypiodon  ?  Verticordia  of  the  "  Catalogue  of 
the  Crag  Mollusca,"  Annals  and  Magazine  of  Natural  llistory, 
1840,  vi,  p.  247).  Almost  simultaneously  with  the  discovery  of 
the  Crag  fossil,  Philippi  discovered  in  Calabria,  South  Italy,  a 
very  closely  allied  form,  which,  on  the  strength  of  the  transcript 
of  the  characters  of  Lea's  genus,  as  given  by  Bronn  in  the  Lethsea 
Geognostica,  he  referred  to  Hippagus  (sp.  acuticoatatus)  (Enu- 
meratio  Molluscorum  Sicilia*,  1844,  ii,  p.  42).  Probably  guided 
by  the  views  of  Philippi,  Sowerby  (loc,  cit.)  considered  the  new 
genus  of  Wood  as  untenable,  and  accordingly  referred  the 
English  fossil  in  question  likewise  (although  with  doubt)  to  the 
genus  Hippagus^  imposing  upon  it  the  new  specific  name  of 
cardiiformis  (Min.  Conch.,  vii,  p.  68).  Sowerby's  example, 
singularly  enough,  is  followed  by  Wood  in  his  "  Monograph  of 
the  Crag  Mollusca  "  (Palteontographical  Soc.  Reports,  ii,  p.  149, 
1851-3),  who  now  renounces  his  genus,  referring  his  species  to 
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Hippagus^  with  the  original  specific  name  modified  into  Verti- 
cordius.  Both  the  English  and  the  Italian  species  have  very 
little  in  common  with  Lea's  Hippagus^  which  is  edentulous,  and 
belong  properly  to  the  genus  Verticordia  (Trigonulina  of 
D'Orbigny),  as  reconstituted  by  conchologists. 

Another  singular  fossil,  long  known  to  palaeontologists  as  the 
Chama  ?  arietina  of  Brocchi  (Conchiologie  Fossile  Subapennlna, 
ii,  p.  668),  and  which  systematists  generally  referred  to  Isocardia, 
was  thought  by  Sismonda  (S^iiopsis  Method.  Anim.  Invert.  Ped. 
Foss.,  p.  18;  Jlde  Homes,  Die  fossilen  Mollusken  des  Tertiar- 
Beckens  von  Wien,  ii,  p.  169)  to  be  referable  to  the  genus 
Hippagus  of  Lea,  but  the  dentiferous  conformation  of  the  hinge 
did  not  escape  the  attention  of  Meneghini,  who,  in  1851  (Con- 
siderazioni  sulla  Qeolog.  Stratigr.  della  Toscana,  p.  180),  con- 
stituted it  into  the  genus  Pecchiolia^  restoring  to  it  the  original 
specific  name  of  ar^en^ea, proposed,  in  lt9Y,  by  Mariti.  Deshayes 
in  (about?)  1860  (Animaux  sans  Yertfebres,  Bassin  de  Paris,  i, 
p.  809),  described  a  minute  fossil  from  the  Paris  basin  under  the 
name  of  Hippagus  Leanu^,  which,  in  the  prominence  and  recurved 
nature  of  its  beaks,  to  some  extent  recalls  the  Hippagusf  isocardi- 
oide^  of  Lea,  but  which  differs  in  the  presence,  in  each  valve,  of  a 
cardinal  tooth. 

Deshayes  was  apparently  doubtful  as  to  the  true  generic 
position  assigned  to  his  species,  inasmuch  as  he  states  that  a 
more  complete  study  of  the  American  shell  may  lead  to  the 
separation  of  the  two  species  into  distinct  genera.  Having 
shown  the  correctness  of  Lea's  figure  and  description,  by  the 
discovery  of  the  allied  Indian  form,  Stoliczka  proposes  (Palaeon- 
tologia  Indica,  Cretaceous  Fauna,  iii,  p.  225)  the  generic  name 
of  AllopaguSy  for  the  species  from  the  Paris  basin,  which  name  it 
ought  to  retain.  It  will  thus  he  seen  that  fossil  shells  belonging 
to  no  less  than  four  distinct  genera  have  been  alternately  referred 
to  the  American  genus  Hippagus, 

All  these  agree,  more  or  less,  with  each  other  in  the  closed  and 
nacreous  or  semi-nacreous  shell,  recurved  umbones,  simple  pallial 
impression,  and  the  internal  or  subintemal  arrangements  of  the 
ligaments.  They  differ  in  the  dentiferous  character  of  the  hinge. 
The  opiiHons  of  naturalists  have  been  greatly  at  variance  as  to 
the  position  to  be  assigned  to  these  genera  in  a  natural  classifica- 
tion, and,   indeed,  there  appears  to  be  no  small  diflaculy  in 
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arriving  at  a  satisfactory  conclusion  as  to  their  proper  {generic 
affinities.  Philippi  (he,  cit,^  p.  41)  classed  his  species  under  the 
Cardiacea^  immediately  after  the  genus  Isocardia^  a  somewhat 
similar  view  being  entertained  by  Oronzio  Costa  as  to  the  position 
of  his  genus  Iphigenia  (=  Vertirordia  ?  Wood,*  Seguenza,  Jour, 
de  Conchyliologie,  2d  ser.,  iv,  1800,  p.  290),  which  he  placed  in 
the  proximity  of  the  Carditre.  Seguenza  states  {Joe,  ciL)  that 
the  same  views  were  entertained  b}'- Woodward  in  his  ''  Manual  of 
Mollusca,"  but  that  autlior  seems  to  have  overlooked  the  remark 
in  the  supplement  to  the  work  just  mentioned  (p.  471;  and 
second  edition,  1808,  p.  472),  whereby  the  genus  is  referred 
"  undoubtedly' "  to  the  Trigoniadee,  The  relationship  with 
Trigonia  is  maintained  by  U.  and  A.  Adams  in  tlieir  ''Genera  of 
Recent  Mollusca,"  1858,  ii,  p.  531),  and  by  Deshayes  in  his 
valuable  remarks  on  the  family  Trigonea  Lamarck,  and  the 
genera  Verticordia  and  Uippagns  (Animaux  sans  Vertebres, 
Bassin  de  Paris,  i,  pp.  805-10),  although  the  last  named  naturalist 
in  his  review  of  the  Cardiarvea  (loc,  ciL^  j).  529),  distinctly  states 
that,  for  the  time  l)eing,  the  genus  Fecchiolia  (misprinted  Pet- 
chiola),  which,  on  pages  800  and  810,  he  points  out  to  be  indis- 
putably linked  to  Verticordia  and  HippaguSy  will  probably  have 
to  be  referred  to  that  family.  According  to  Pecchioli  (Revue  et 
Magasin  de  Zoologie,  1852,  p.  577)  Meneghini,  on  establishing 
this  genus,  considered  it  as  allied  to  Dtceras  of  Lamarck,  a  view 
to  some  extent  shared  by  Stoliczka,who,on  proposing  the  family 
Verticordiidsd  for  tlie  genera  Pecchiolia^  Verticordia  and  Alio- 
pagus  (loc,  cit,,  p.  224),  places  the  same  in  his  order  Chamacea, 
Lea's  Hippagus  is  found  a  refuge  among  the  Ungulinidsej  near 
Scacchia,  the  affinity  with  which,  it  must  be  confessed,  appears 
to  us  as  rather  remote.  Mr.  Arthur  Adams  states  in  his 
observations  on  Vertirordia  Japonica  (Annals  and  Magazine  of 
Natural  History,  3d  series,  ix,  18r)2,  p.  224),  that  the  animal  lias 
no  relation  to  Trigonia^  but,  on  the  contrary',  that  "  its  position, 
judging  both  from  the  nature  of  the  animal  and  the  form  of  the 

^  I  have  been  unable  to  gain  access  to  Costa's  work,  and  therefore  can- 
not, from  personal  observation,  pronounce  upon  the  value  of  the  genus 
Iphigenia  ;  its  identity  with  Verticordia  is  given  upon  the  authority  of 
Seguenza,  but  judging  from  this  author's  descriptions  and  figures  of  his  two 
species  of  Vertieordia,  it  would  appear  that  he  had  confounded  with  that 
genus  the  genus  PeeehioHa, 
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shell,  would  seem  to  l>e  in  the  family  Bucardiidaj,  the  animal 
differing  from  Bucardia  (Isocardia)  cor  in  the  posterior  [mantle] 
opening  being  fringed."  The  shell  of  this  species,  Mr.  Adams 
ftirther  adds,  is  verj'  different  from  that  of  V,  novemcostata 
Adams  and  Reeve,  from  the  China  Sea,  and  very  similar  to  the 
F.  granxdata  of  Seguenza,  a  Tertiary  Sicilian  fossil.  Whether 
this  last  is  a  true  Verticordia  I  am  not  in  a  position  to  judge, 
not  having  seen  any  specimens,  but  if  the  figures  Illustrating 
Seguenza 's  descriptions  be  correctly  executed,  they  api>ear  to 
represent  a  species  of  fossil  very  different  from  the  Verticordia 
cardiiformis  of  Wood,  the  typical  species  of  the  genus  Verti- 
cordia, The  same  may  be  said  of  Seguenza's  figure  of  F.  acuti- 
costata^  the  species  described  by  Philippi  from  the  newer  Ter- 
tiaries  of  Calabria,  and  which  was  considered  by  Wood,  as 
identical  with  the  species  from  the  English  Crag ;  the  absence  of 
a  lunule  (very  prominent  in  Verticordia),  the  prominently 
recurved  spiral  umbones,  and  the  great  ventricosity  of  the  shell, 
would  seem  to  indicate  a  form  much  more  nearly  allied  to 
Pecchiolia,  If,  however,  as  Seguenza  states  {loc,  cit,,  p.  293), 
"  les  valves  des  individus  jeunes  de  cette  cspSce  (d'un  diametre  de 
4  a  8  millimetres)  sont  minces,  plus  circulaires,  moins  renfi^es,et 
8 'accord  ent  parfaitement  avec  la  figure  de  M.  Philippi  ..."  the 
question  is  settled  as  far  as  the  identity  of  the  Sicilian  and 
Calabrian  fossils  is  concerned,  and  a  strong  relationship  between 
the  genera  Verticordia  and  Pecchiolia  would  be  indicated  ;  but  it 
is  at  the  same  time  very  singular,  and  what  makes  it  appear 
somewhat  suspicious,  that  in  the  second  species  stated  by 
Seguenza  to  belong  to  the  genus  Verticordia —  F.  granulata — 
there  should  be  considerable  differences  in  the  character  of  the 
hinge,  and,  moreover,  a  deep  lunule  ("lunula  profunda,  cordata, 
ecostata,  gi'anulis  carens  ")  should  be  present.  An  indubitable 
species  of  Verticordia,  the  F.  Emmonsii  Conr.,has  been  described 
from  the  Miocene  deposits  of  North  Carolina ;  the  F.  Parisiensia 
Deshayes,  from  the  Paris  basin,  is  at  best  but  very  doubtful. 
Although  Verticordia  and  Pecchiolia  may  be  very  closely  related 
forms  (and  their  positions,  everything  considered,  if  the  observa- 
tions of  Mr.  Adams  on  F.  Japonica  be  correct,  would  be  about 
as  near  to  Isocardia  as  to  any  other  recent  genus),  there  does  not 
appear  to  be  as  yet  sufficient  evidence  for  uniting  the  two  genera, 
as  has  been  done  by  some  conchologists.     F.  granulata  and  F. 
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acuticostata  {et  conseq.j  V,  cardiiformia  for  Qwyn  Jetfrcys)  are 
stated  to  be  also  living  forms,  both  inhabiting  the  Japanese  seas, 
and  the  former  also  the  Mediterranean  (Gw^-n  Jeffrys,  '*  Mediter- 
ranean MoUusca,"  Annals  and  Mag.  of  Nat,  Hist.,  4th  ser.,  vi, 
1870,  p.  73;    "Japanese   Marine   Shells   and   Fishes,"  Journal 
Linnean  Society,  Zoology,  xii,  1874,  p.  101 ;  Jour.  Linn.  Soc., 
xiv,  1879,  p.  420) ;  these  species  are  all  classed  by  Mr.  Jeffreys 
as  Perch iolia,  and  placed  among  the  Corbulidae,  and  if  the  deter- 
minations have  been  correctly  made,  they  go  far  to  confirm  the 
observations   of   Seguenza  as  to  the  variability  of  the   genus 
Veriicordia  (and  of  its  passage  into  Pecchiolia).   But  in  addition 
to  these  forms  of  so-called  Pecchiolia,  we  have  the  R  [Lyonsiella^ 
abysAtcoIa    of    M.    Sars    (Selsk.    Forh.,    1868,   p.   257;    G.   O. 
Sars,  "  On  some  remarkable  Forms  of  Animal  Life,"  1872,  i,  p. 
25;   Zoological  Record,   1872,  p.    166;    G.  O.  Sars,  Bidrag  til 
Eundskaben  om  Xorges  Arktiske  Fauna,  1878,  p.  lOS,  PL  20, 
fig.  5),  an  Arctic  form  certainly  ver}'  distinct  in  the  totality  of 
its  characters  from  at  least  some,  if  not  all,  of  the  preceding,  but 
which  is  nevertheless  admitted  by  Mr.  Jeffreys  into  the  genus 
Pecchiolia,  and  placed  alongside  two  new  species  of  his  own 
description,  P.  gibbona  and  P,  tornata  (Annals  and   Mag.  Nat. 
Hist.,  4th  ser.,  xviii,  1876,  p.  494).     It  certainly  scarcely  appears 
possible  that  three  such  ver\'  distinct  forms  (at  least  as  thi.»v  appear 
to  me)  as  are  represented   by  the  Ghama  arietina  of  Brocchi 
(Pecchiolia  argenlea  Meneg.),  Veriicordia  cardii/ormiii  of  Wood, 
and  Li/onaiella  ahy»fsicola  of  Sars,  can  l)elong  to  the  same  genus. 
The  shell  of  this  last  is  said  to  be  thin,  p<.»llucid,  inetpiivalve,  and 
gaping  posteriorly,  whereas  in  C.  arietina  it  is  c()m])aratively 
thick,  equi valve,  and  completely  closed.     Nor  does  Sars'  descrij)- 
tion   of  the  animal  of  his  species  at  all  accord  with  Adams' 
observations  on  Veriicordia  Japonica.     In  the  former  the  foot  is 
said   to  Ihj  long,  subcylindrical,  and   provided   with  a  byssus, 
whereas  in  the  latter  it  was  found  to  be  "  small,  triangular,  and 
compressed.''    Again,  in  the  former,  the  siphons  are  separate, 
subsessile,  with  the  branchial  not  prominent  (anal  prominent), 
whereas  in  V.  Japonica  the  "  sessile  si  phonal  orifices  "  are  "  close 
together,  the  branchial   larger   than   the  anal."     The  supposed 
pallial  sinus  stated  to  exist  in  Ghama  arietina  by  Peccliioli,  was 
probabh'  founded   on  an   imperfection   in   the  shell,  since  the 
pallial   impression  is  stated    to   be  simple  by   Homes,  whose 
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description  and  figures  are  drawn  from  Italian  specimens.  The 
form  of  the  Arctic  shell  recalls  the  Verticordia  Parisiensis  of 
Deshayes,  which,  however,  differs  in  the  presence  of  a  cardinal 
hinge  tooth ;  the  pallial  sinus  represented  in  the  figure  (vol.  i, 
PL  X,  fig.  12)  is  stated  by  the  French  conchologist  to  have  been 
erroneously  placed  there  by  the  artist,  and,  therefore,  cannot  be 
taken  as  a  character  separating  it  from  L,  abysstcola,  in  which 
the  pallial  impression  is  also  non-sinuate  (*^  hcle,  ikke  bagtil 
indbugtede  Kappe  linie ").  Finally,  in  the  list  of  deep-sea 
mollusca  dredged  in  the  Bay  of  Biscay  (Annals  and  Mag.  Nat. 
Hist.,  October,  1880,  p.  316),  Mr.  Gwyn  Jeffreys  revives  the 
generic  term  Verticordia  for  a  newly-discovered  species,  V. 
insculpta  ;  is  this  species  likewise  to  fall  under  Pecchiolia  f 

The  similarity  existing  between  Lea's  genus  Hippagus  and 
Crenella^  as  exemplified  by  C  glandula  Totten,  a  relation  first 
pointed  out  by  Jeffreys  (Annals  and  Mag.  Nat.  Hist.,  4th  ser.,  vi, 
1870,  p.  73),  is  certainly  very  great,  but  yet  there  appear  to  be 
sufficient  differences  to  warrant  a  generic  separation.  The 
umbones  in  Hippagus  are  much  more  prominently  developed 
and  spirally  twisted,  and,  as  far  as  I  have  been  enabled  to  deter- 
mine, there  are  no  crenulations  on  the  hinge-line ;  these,  how- 
ever, may  have  been  eroded  in  the  specimens  (Lea's  types  in  the 
collection  of  the  Academy  of  Natural  Sciences)  examined.  The 
structure  of  the  shell  appears  to  have  been  also  considerably 
heavier  than  in  Crenella,  The  H,  Aemilianus  of  ^toliczka 
scarcely  appears  to  differ  from  the  H,  isocardidides. 

Note. — While  preparing  the  preceding  remarks  on  the  genxxAVertieordia 
the  author  inadvertently  overlooked  the  notice  of  that  genus  by  Searlea 
Wood,  as  contained  in  his  '*  Monograph  of  the  Eocene  Mollusca"  (Pal»ont« 
Hoc.  Reports,  1871).  Reference  is  there  made  to  the  existence  of  an  ossicle 
in  the  hinge,  which  led  Mr.  A.  Adams  to  consider  the  genus  as  belonging 
to  the  AnatinidcBf  and,  therefore,  as  distantly  removed  from  the  BueardOda^ 
with  which  it  had  been  previously  placed  by  that  author.  This  view  is  not 
concurred  in  by  Mr.  Wood,  who^  while  in  doubt  as  to  its  true  relationship, 
places  the  genus  in  a  family  apart  by  itself— the  Veriicordida  (a  family 
name  first  proposed  by  Stoliczka).  The  genus  Pecchiolia  is  stated  to  be 
synonymous  with  Verticordioy  but  no  grounds  are  given  for  so  considering  it. 
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September  6. 
The  President,  Dr.  Rusghenberger,  in  the  chair. 
Seven  persons  present. 


September  13. 
The  President,  Dr.  Ruschenberoer,  in  the  chair. 
Seventeen  members  present. 

On  Hieracium  aurantiacum, — Mr.  John  H.  Redfield  stated  at 
the  meeting  of  the  Botanical  Section  that  he  had  recently  found 
about  two  miles  north  of  Tannersville,  in  the  Catskill  Mts.,  N.T., 
Hieracivm  aurantiacum  L.,  growing  abundantly  over  a  stony 
hill-side  pasture,  at  an  elevation  of  about  2500  feet  above  tide. 
This  plant  is  a  native  of  elevated  regions  in  central  Europe,  and 
is  a  recent  introduction  to  our  Flora.  Its  prolific  runners  favor  a 
rapid  spread,  and  the  farmers  near  the  Tannersville  locality 
already  complain  of  it  as  a  troublesome  weed,  so  that  there  is 
reason  to  fear  it  may  become  an  unwelcome  permanent  resident. 

Mr.  Meehan  stated  that  he  had  received  the  same  plant  from 
correspondents  in  New  England,  who  had  supposed  it  indigenous, 
but  that  he  had  no  doubt  it  was  in  all  cases  introduced.  It  had 
also  been  collected  in  the  Catskills  this  season  by  Miss  Cope  of 
Ctermantown. 

Note  upon  Flantago  elongate  Pursh. — Mr.  John  H.  Redfield 
remarked  that  Dr.  Gray,  in  the  new  Synoptical  Flora  of  N.  Am., 
ii,  392,  says,  that  this  plant  "  of  Bradbury's  collection  on  the 
Missouri,  is  unknown,  probably  a  glabrate  form  of  P.  Patago- 
nicaJ*^  Pursh's  specimen  ticketed  (probably  b}''  Lambert)  P. 
elongata,  and  noted  as  from  Bradbury,  has  recently  been  found  in 
the  Academy's  Herbarium  and  proves  to  be  unmistakably  P.  puMla 
Ntitt. 


September  20. 
The  President,  Dr.  Ruschenberoer,  in  the  chair. 
Twenty  persons  present. 

A  paper  entitled  "  Note  on  the  approximate  position  of  the 
Eocene  deposits  of  Maryland,"  by  Angelo  Heilprin,  was  pre* 
sented  for  publication. 
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September  27. 
Tlie  President,  Dr.  Rubohenberoer,  in  the  chair. 
Eighteen  persons  present. 
Dr.  E.  C.  Hine  was  elected  a  member. 


October  4. 
Mr.  J.  H.  Redfield,  in  the  chair. 
Nineteen  persons  present. 

How  Orb- Weaving  Spiders  make  the  Framework  or  Founda- 
tions of  We.h^. — Rev.  Dr.  H.  C.  MoCooK  said  that  he  had  given 
attention  during  the  past  summer  to  the  .mode  of  constructing 
webs  prevailing  among  orb-weaving  spiders.  He  had  been  led  to 
make  some  special  studies  of  the  extent  to  which  air  currents  are 
utilized  in  laying  the  foundation  lines  upon  which  the  orbs  are 
hung,  by  a  remark  of  Rev.  O.  Pickard-Cambridge  in  his  work  on 
the  Spiders  of  Dorset.*  "  Spider  lines,''  he  says, "  may  frequently 
be  observed  strained  across  open  spaces  of  many  feet  and  even 
yards  in  extent.  This  has  been  explained  by  some  naturalists  to 
have  been  done  by  the  help  of  a  current  of  air  carrying  the  thread 
across.  I  cannot,  of  course,  say  that  it  has  never  been  thus 
effected ;  though  I  have  certainly  never  myself  witnessed  it.  I 
have,  however,  on  several  occasions  seen  a  spider  fix  its  line,  then 
run  down  to  the  ground,  across  the  intervening  space,  and  so  up 
the  opposite  side,  trailing  its  line  as  it  went ;  and  then  having 
hauled  in  the  slack,  it  fixed  the  line  to  the  desired  spot.  This,  I 
believe,  to  be  the  usual  mode  of  procee<ling  in  such  cases." 

Dr.  McOook  was  satisfied  that  on  both  the  above  points  this 
distinguished  araneologist  had  failed  to  possess  himself  of  all  the 
facts;  but  lie  took  up  the  points  in  question  anew  during  the 
summer,  and  made  notes  of  his  studies.  His  previous  opinion 
was  fully  confirmed.  He  had  in  a  great  number  of  cases 
observed  orl>-wcavers  passing  from  point  to  point  by  means  of 
lines  emitted  from  their  spinnerets  and  entangled  upon  adjacent 
foliage  or  other  objects.  These  mimic  "  wire-bridges  '*  were  of 
various  lengths  owing  to  the  direction  of  the  wind,  and  the  rela- 
tive positions  of  the  spider  and  the  standing  objects  around  it. 
Lines  of  two,  three  and  four  feet  were  frequent ;  lines  of  from 
seven  to  ten  occurred  pretty  often ;  he  had  measured  one  twenty- 
six  feet  long,  and  in  several  cases  had  seen  them  strung  entirely 

*  Vol.  i,  Introduction,  p.  xzl. 
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across  country  roads  of  from  thirty  to  forty  feet.  Many  of  these 
lines  he  had  seen  earrie<l  by  the  wind  directly  from  the  spiders' 
spinnerets,  had  ol)served  the  entanglement,  had  seen  the  animal 
draw  the  threads  taut  and  then  cross  upon  them.  That  all  the 
lines  were  similarly  formed  and  used  he  had  no  doubt. 

It  was  more  diflieult  to  determine  the  other  question,  viz.: 
Whether  the  lines  used  for  the  foundations  of  orb-webs  were 
formed  in  the  same  way.  Undoubtedly,  such  lines  are  often  made 
precisely  as  asserted  by  Mr.  Cambridge.  Dr.  McCook  had  many 
times  observed  this ;  he  had  seen  an  orlvweaver  after  traversing  a 
considerable  space  by  a  series  of  successive  bridge-lines  settle 
upon  a  site  ])etween  the  forked  twigs  of  a  bush  and  cnrry  her 
foundation  lines  around  in  the  manner  described.  But,  on  the 
other  hand,  he  was  prepared  to  SMy  that  the  air-laid  bridge-lines 
were  also  used  for  the  foundations  or  frames  of  orbs. 

1.  First,  he  had  observed  that  the  hours  in  tiie  evening  at 
which  the  greatest  activity  in  wel)-woaving  Ixigan,  were  those  in 
which  also  began  the  formation  of  the  bridge-lines.  The  latter 
action  quite  invariably  preceded  the  former. 

2.  Again,  a  study  of  the  foundation  lines  of  many  webs  gave 
more  or  less  conclusive  evidence  that  they  were  laid  by  the  aid  of 
air  currents.  For  example,  the  webs  of  some  species,  as  Acro8oma 
milrata^  A.  spinea  and  A.  rugosa^  were  frequently  found  strung^ 
between  young  trees  separated  by  two  or  three  yards.  That  these 
builders  might  have  dropped  to  the  ground,  crept  over  wood,  grasgh 
and  dry  leaves  carrying  the  thread  in  the  free  outstretched  claw,. 
is,  perhaps,  not  impossible,  but  did  not  seem  at  ail  probable  to  the 
speaker,  although  short  spaces  over  smooth  surfaces  might  well 
be  cleared  in  this  way.  One  web  he  found  spun  ujwn  lines 
stretched  from  the  balustrade  of  a  bridge  that  spans  a  deep  glen 
in  Fairmount  Park,  to  the  foliage  of  a  tree  that  springs  out  of 
the  glen  at  least  twenty-five  feet  below.  Unless  foundations  were 
formed  by  line-bridging  the  interspace  of  a  yard  or  more,  it  must 
be  inferred  that  the  spider  had  dropped  from  the  balustrade  to  the 
glen,  crossed  the  interval  to  the  trunk  of  the  tree,  ascended  it, 
and  having  made  the  detour  ol  nearly  sixty  feet  to  the  point 
directl}'  opposite  that  from  which  she  started,  drawn  her  long  line 
taut,  and  so  completed  her  foundation.  Dr.  McCook  thought  that 
Buch  a  supposition  could  not  be  entertained,  and  it  was  clear  that 
a  breeze  carried  the  line  across  from  the  spider's  spinnerets. 

Even  stronger  examples  of  circumstantial  evidence  were  noted. 
Very  many  webs  of  I'etrafjnaiha  extenaa  and  T,  grallator  were 
seen  spread  upon  bushes  overhanging  pools  and  streams  of 
water ;  others  were  seen  stretched  between  separated  water-plants, 
or  from  such  plants  to  the  shore.  Either  the  foundation  lines 
were  borne  by  air  currents,  or  the  spiders  must  have  crossed  upon 
the  water,  carrying  their  lines.  The  latter  supposition  is  not 
wholly  untenable,  the  speaker  thought,  but  would  hardly  be  raised 
by  any  one  who  had  studied  the  spinning  habits  of  the  creature. 
29 
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One  other  example  may  be  cited.  At  Cape  May,  by  the  Land- 
ing, where  pleasure  boats  used  for  sailing  upon  the  inlet  are 
stored,  there  is  an  immense  colony  of  Epeiroids,  chiefly  Ejmra 
Htrix,  E.  vuh fan's  ami  E.  domiriliorum  (Hentz^.  Great  numbers 
of  these  spiders  had  their  lines  strung  between  the  opposite, 
exterior  walls  of  the  boat-houses,  which  are  built  upon  piles 
driven  into  the  water.  These  lines  were  al)out  nine  feet  long, 
stretched  over  the  water  at  heights  varying  from  one  to  ten  feet. 
Most  t)f  them  passed  from  wall  to  wall ;  many  were  fastened  at 
one  end  upon  piles  and  sticks  driven  here  and  there  between  the 
houses.  Even  if  one  were  to  admit  that  Tetragnatha  could  carry 
a  fn*e  line  over  the  smooth  surface  of  an  inland  pool,  it  is  past 
belief  that  the  above  named  Epeiras  performed  the  same  act  upon 
the  rough  waters  of  an  inlet  of  the  Atlantic  Ocean.  The  only 
reasonal)le  conclusion  is  that  bridge-lines  were  formed  by  air 
currents. 

3  Ft  was  greatly  desired  that  to  the  above  eases  of  circum- 
stantial proof,  might  be  added  actual  observations  of  the  use 
for  foundations  of  those  lines  stretched  by  air  currents.  Three 
summer  evenings  were  devoted  to  obtaining  this  result,  without 
complete  success.  On  one  evening  the  observer  was  interrupted 
and  called  off  at  the  very  critical  period  of  his  observation ;  on 
the  other  two  evenings  the  wind  was  unftivorable.  But  some 
valuai^le  results  were  obtained,  and  the  webs  of  three  adult  indi- 
viduals of  Epeira  strix^  one  male  and  two  females,  were  selected, 
the  den  or  nest  of  each  spider  located,  and  the  web  entirely 
destroyed,  including  the  foundation  lines.  The  latter  precaution 
was  made  necessary  by  the  fact  that  orl>-weavers  had  Ix^en  noticed 
to  use  the  same  foundation  lines,  for  many  days,  for  the  erection 
of  their  new  webs.  Young  spiders  had  been  seen  on  several  occa- 
sions to  utilize  the  radii  and  foundations  of  abandoned  webs  of 
adults,  as  the  frame-lines  of  their  small  orbs.  The  great  value 
which  may  attach  to  these  old  foundations  appeared  strikingly  in 
subsecpient  studies,  and  also  the  dilliculty  if  not  impossibility  of 
procuring  suitable  foundations  for  the  webs  of  large  spiders, 
without  the  aid  of  the  wind. 

Two  of  the  webs  '  one  of  the  females)  were  so  situated  that  the 
prevailing  air  currents  so  carried  the  lines  that  they  could  not 
possibly  find  an  entanglement.  In  consequence,  neither  of  these 
spiders  succeeded,  during  two  entire  evenings,  up  to  half-past 
ten  o'clock,  in  making  a  web.  They  frequently  attempted  it  in 
vain.  One,  which  was  more  closely  watched,  was  in  motion 
during  the  whole  period,  passing  up  and  down,  from  limb  to  limb, 
apparently  desirous  of  fixing  her  orb  in  the  former  site,  but  com- 
pletely confused  and  foiled.  The  site  was  one,  moreover,  which 
would  have  allowed  her  to  carry  around  a  thread  with  compai-a- 
tive  ease,  being  a  dead  sapling  tliat  forked  near  the  ground.  The 
spider  domiciled  during  the  day  on  the  ground,  but  had  her  orb 
at  the  top  of  the  forks,  a  height  of  six  Siet.     Thus  the  space  to 
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traverse  in  passing  from  the  top  of  one  of  the  forks  to  a  similar 
point  on  tlie  opposite  one.  presented  comparatively  few  (HHi- 
culties.  But  no  attempt  was  made  to  carry  the  line  around,  and 
as  the  wind  had  evidently  not  changed  during  the  nio:lit,  no  web 
appeared  upon  the  tree  in  the  morning.  During  the  next  evening 
the  same  restless  movement  along  the  bare  limbs  of  the  sapling 
was  re|)eated,  and  was  terminated  at  a  late  hour  ])v  a  rare 
accident.  A  large  moth,  attracted  by  the  lantern,  became  entan 
gled  upon  a  single  short  thrend  stiung  between  two  small  twigs, 
whereupon  Sfrix  pounced  upon  it,  swathed  and  fell  to  feeding  on 
it.  Next  morning  a  tiny  orb-web  had  been  built  around  the  shell 
of  the  moth  at  the  point  of  capture. 

During  both  evenings  this  spider  at  frequent  intervals  poised 
herself  at  the  extremity  of  twigs,  and  emitted  threads  from  her 
spinnerets  which  entangled  upon  some  of  the  short  twigs,  but 
never  upon  the  opposite  fork,  as  the  wind  was  steadily  contrary. 
No  other  entanglement  was  secured,  as  there  was  no  object  in  the 
direction  6f  tlie  wind  for  a  great  distance.  However,  Dr. 
McCook  could,  at  any  time,  obtain  an  entanglement  upon  his 
hand  by  arresting  the  thread.  By  imitating  the  motion  of  a 
swaying  leaf  or  limb,  the  spider  was  caused  to  perceive  the 
attachment,  and  immediately  ventured  upon  tlie  line.  Once  the 
thread  fastened  upon  the  observer's  face,  and  the  animal  was 
allowed  to  cross  the  line  (four  or  five  feet)  until  within  a  few 
inches  of  the  face,  when  she  took  in  the  situation,  instaiitly  cut 
the  line  and  swung  downward  and  backward  over  the  long  arc, 
and,  after  a  few  oscillations,  climbed  up  the  line  to  the  point  of 
departure.  Her  willingness  to  use  the  air-currents  for  making 
transit  lines  was  thus  quite  as  manifest  as  her  inability.  The 
third  spider  exhibited  a  like  behavior. 

4.  The  third  in«lividual,  a  male,  did  not  attempt  to  spin  an 
orb  in  the  former  site  ;  the  wind  was  unfavorable,  but  there  would 
not  have  been  much  dilliculty  in  carrying  a  cord  around.  He  came 
out  of  his  rolled-leaf  den  at  7.20  P.  M.,  and  for  more  than  an  hour 
labored  to  secure  a  web  foundation.  He  was  located  upon  a  dead 
v^nd  of  a  bough  of  a  tree,  with  many  branching  twigs.  As  with 
the  former  individual,  so  with  this  ;  many  efforts  were  made  to 
obtain  foundations  by  sending  out  threads  from  the  spinnerets, 
and  to  this  end  he  tried  most  of  the  numerous  |»oints  of  the 
twigs  covering  the  territory  which  he  seemed  to  have  chosen  as 
his  general  range.  One  of  these,  a  little  pendant  which  hung  in 
the  centre  of  the  group,  was  taken  as  the  basis  of  a  most  inter- 
esting operation.  The  spider  dropped  from  the  ])endant  by  a 
line  three  or  four  inches  long,  grasped  the  line  by  one  of  the 
second  pair  of  feet,  and  rapidly  formed  a  triangular  basket  of 
threads  by  connecting  the  point  of  seizure  with  lines  reaching  to 
the  feet  of  the  remaining  second  and  the  third  and  fourth  pairs. 
In  this  basket  he  hung  head  upwards,  the  body  held  at  an  angle 
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of  about  45°,  the  two  fore-feet  meanwhile  stretched  out,  and  groping 
in  the  air,  as  though  feeling  for  the  presence  of  obstructions,  of 
enemies  or  of  floating  threads.  At  tlie  same  time  he  elevated  his 
spinnerets  and  emitted  a  line  which  was  drawn  out  at  great  length 
by  the  air,  but  secured  no  entanglement.  The  body  of  the  spider 
had  a  gentle  lateral  oscillation,  which  appeared  to  the  obsen'er  to 
result  from  a  voluntary  twisting  of  the  central  rope  by  the 
animal,  but  may  have  been  caused  by  the  air ;  the  effect,  in  either 
case,  was  to  give  the  line  a  wider  swing,  and  much  increase  the 
chances  of  entanglement. 

However,  there  was  no  entanglement,  and  the  spider  dropped 
several  inches  farther  down,  and  repeated  exactly  the  process  as 
described  above.  This  was  repeated  again  and  again,  and  when 
the  observer  allowed  the  line  to  attach  to  his  person  the  spider  at 
once  proceeded  to  satisfy  himself  of  the  fact,  and  then  to  venture  a 
crossing.  In  all  these  actions  there  was  evidences  of  a  habitual 
mode  of  securing  transit  by  bridge-lines. 

During  the  intervals  of  these  attempts,  and  indeed  preceding 
them,  the  spider  passed  back  and  forth  along  all  the  branching 
twigs,  leaving  behind  him  trailed  threads  or  lines  connecting  the 
ends,  many  of  which  seemed  to  be  purely  tentative.  At  last  a 
central  point  was  taken,  a  short  thread  dropped  therefrom  and 
attached  to  one  of  these  tentative  lines.  The  confused  network 
of  circumjacent  lines  was  gathered  together  in  a  little  flossy  ball 
at  tiie  ])oint  of  union,  which  was  now  made  the  centre  of  the  orb, 
the  first  drop  line  and  the  two  divisions  of  the  cross  line  consti- 
tuting the  three  original  radii.  From  there  the  spider  proceeded 
to  lay  in  the  radii  and  complete  the  orb.  The  speaker  described 
this  process  in  full,  as  illustrated  by  the  industry  of  this  and  other 
individuals.  The  time  occupie<l  in  constructing  the  orb  proper 
was  half  an  hour,  while  the  work  of  prospecting  for,  and  obtaining 
a  foundation  consumed  more  than  an  hour.  Even  then  the  orb  was 
very  irregular,  and  showed  decided  traces  of  the  want  of  the  usual 
well  and  orderly  laid  foundations.  An  examination  of  a  number 
of  web-sites  which  had  been  marked  upon  the  same  grounds, 
showed  that  in  every  case  where  the  surroundings  had  allowed  an 
easy  and  good  entanglement  by  the  wind,  the  spiders  had  made 
webs  at  an  early  hour,  and  with  straight  and  regular  foundations. 

Dr.  McCook  concluded  that  the  above  observations,  although 
not  wholly  conclusive  in  themselves,  were  sufficient  warrant  for 
the  belief  that  air  currents  have  a  large  part  in  placing  the  origi- 
nal framework  or  foundation  lines  of  orb-webs,  and  that  spiders 
habitually  make  use  of  them  for  that  purpose.  He  doubted,  how- 
ever, whether  there  was  anything  like  a  deliberate  purpose  to 
connect  the  point  of  occupancy  with  any  special  opposite  point. 
It  seemed  to  him  that  the  spider  acted  in  the  matter  very  much  at 
hap-hazard,  but  with  a  general  instinct  of  the  fact  that  such 
behavior  would  somewhere  secure  available  attachments.  Many 
of  her  bridge  lines  were  evidently  tentative  and  were  chiefly  at 
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the  mercy  of  the  breeze,  although  some  observations  seemed  to 
indicate  a  limited  control  of  the  thread  by  manipulation. 

He  added  tliat  on  previous  occasions  he  had  actually  observed 
the  la3-ing  in,  by  air  currents,  of  lines  which  were  immediately  used 
for  foundations.  The  above  studies  had  l)een  undertaken  sim))ly 
to  verify  such  studies,  and  because  he  had  retained  but  the  briefest 
notes  of  former  observations.  While  this  use  of  air  currents  is 
certainly  placed  beyond  doubt,  it  is  as  certainly  not  the  only 
mode  of  laying  foundation  lines,  and  is  depen<lent  very  much  upon 
the  site  chosen,  the  condition  of  the  wind,  the  abundance  of  j>rey, 
etc.  Webs  built  in  large  open  spaces  are  perhaps  always  laid  out 
by  bridge-lines.  In  more  contracted  sites,  tiic  frame-lines  are 
generally  carried  around,  and  often  a  foundation  is  the  result  of 
both  methods.^ 


October  11. 
The  President,  Dr.  Ruschknberger,  in  the  chair. 
Three  hundred  and  sixty-four  persons  present. 

On  the  Nature  of  the  Diphtheritic  Contagium. — Dr.  II.  C.  Wood 
stated  that  tiie  researches  which  formed  the  basis  of  his  remarks 
had  been  made  under  the  auspices,  and,  indeed,  at  the  suggestion  of 
the  National  ]k)ard  of  Health,  by  i)r.  Henry  F.  Formad  and 
himself,  who  were  jointly  responsible  for  the  facts  and  inductions 
and  jointly  deserving  of  whatever  reprobation  or  approbation 
might  be  due.  The  full  text  of  the  work  is  now  in  the  hands  of 
the  National  Board,  and  will  be  shortly  published  by  them. 

In  the  spring  of  1880  work  was  begun  by  inoculating  rabbits 
with  diptheritic  membrane  taken  from  the  throats  of  patients  at 
Philadelphia.  It  was  found  that  only  in  a  very  few  cases  was  any- 
thing like  diphtheria  produced  in  the  rabbit  by  inoculating  with 
the  membrane.  The  inoculations  were  practiced  by  putting 
pieces  of  the  material  sometimes  under  the  skin,  sometimes  deep 
in  the  muscles.  Many  rabbits  died  after  some  weeks,  not  of 
diphtheria,  but  of  tuberculosis.  In  a  series  of  experiments  it  was 
shown  that  this  tuberculosis  was  an  indirect  and  not  a  direct 
result  of  the  inoculation,  and  that  any  apparent  relation  between 
the  two  diseases  is  onl}'  apparent,  not  real.  Next,  the  tracheasof 
a  series  of  rabbits  were  opened  and  false  membrane  inserted.     It 

'  Since  these  notes  were  communicated,  a  copy  of  Nature  (Sept.  22,  1881) 
has  been  received,  in  which  it  is  said  that  Mr.  Cambridge  in  (he  second 
volume  of  his  Spiders  of  Dorset  modifies  the  opinion  above  quoted  con- 
cerning the  influence  of  air  cuiTents.  I  have  not  yet  received  that  volume 
bat  make  this  statement  on  the  authority  of  the  jouiiial  referred  to. — 
H.  C.  McC. 
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was  found  that  under  these  circumstances  a  severe  t rachitis  was 
frequently  |)roduced,  and  was  attended  hy  an  abundant  formation 
of  pseudo-membrane.  Careful  studies  made  of  the  false  mem- 
brane of  diphtlieria  and  of  tliis  false  membmne  showed  that  the 
two  were  identical,  both  containing  in  abundance  fibrin  fibres, 
corpuscular  elements,  and  various  forms  of  micrococci.  To  deter- 
mine whether  other  inflammations  of  the  trachea  than  that  caused 
by  diphtheria  or  its  membrane  are  accom])anied  by  the  formation 
of  false  membrane,  a  number  of  experiments  were  made,  and  it 
was  demonstrated  that  the  production  of  false  membrane  has 
nothing  sj»ecific  in  it,  but  that  any  trachitis  of  sufficient  severity 
is  accompanied  by  this  product.  Careful  studies  also  showed 
that  this  false  membrane  does  not  diller  in  its  constitution  from 
that  of  true  diphtheria,  except  it  be  that  the  micrococci  are  not  so 
abundant  in  it.  Thev  alwavs  found  some  micrococci,  and  hi 
some  of  these  traumatic  pseudo-membranes  the}'  were  almost  as 
numerous  as  in  the  diphtheritic  exudation. 

Last,  spring  they  resumed  their  investigations.  Uaving  heard 
that  there  was  a  very  severe  epidemic  in  Ludington,  Michigan, 
r>r.  Formad  was  despatched  to  examine  cases  and  Ci)lle(;t  material. 
He  found  a  small  town  situated  upon  the  shore  of  Lake  Michigan, 
in  the  centre  of  the  lumber  region,  with  inhabitants  mostly 
engaged  in  the  lumber  trade  and  in  managing  very  numerous 
large  saw-mills.  The  town  was  all  built  upon  high  ground 
except  the  Third  Ward.  This  occupied  a  low  swamp  which  had 
l>een  filled  in  largely  with  sawdust.  The  soil  was  so  moist  that  a 
hole  dug  in  it  would  fill  at  once  with  water,  and  but  few  houses 
had  any  attempts  at  cellars.  It  was  in  this  district  that  the 
disease  had  prevailed.  Almost  all  the  children  had  had  it,  and 
one-third  of  them  were  said  to  have  died.  Dr.  Formad  examined 
a  large  numlwr  of  cases,  obtained  a  supply  of  diphtheritic  mem- 
brane and  brought  home  pieces  of  the  internal  organ  of  a  child 
upon  whom  he  had  made  an  autopsy.  In  every  case  the  blood 
was  found  more  or  less  full  of  micrococci,  some  free,  others  in 
zoogloa*  masses,  others  in  the  white  blood-corpuscles.  The 
organs  ])rought  home  also  all  contained  micrococci,  which  were 
especially  abundant  in  the  ki<lneys,  where  they  formed  numerous 
thrombi,  choking  up  and  distending  the  blood  vessels.  In  the 
summer  of  1880  they  examined  the  l»lood  of  several  cases  of 
endemic  Philadelphia  di]>htheria,  and  in  no  case  found  any  new 
elements  in  it.  But  during  the  present  summer  they  had  found 
micrococci  in  the  blood  of  Philadelphia  di])htheritic  patients, 
showing  that  the  ditterences  in  the  diseases  are  simply  in  degree, 
not  in  kind. 

Experiments  were  now  made  with  the  Ludington  material  upon 
animals.  Inoculations  were  ]>racticed  under  the  skin,  deep  in 
the  muscles,  and  in  the  trachea.  In  all  cases  the  result  was 
similar.  A  grayish  exudati(m  ap|)eared  at  the  seat  of  inoculation, 
along  with  much  local  inflammation,  the  animal  sickened,  and  in 
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the  course  of  a  few  days  death  occurred.  The  local  symptoms 
increased  and  widened.  In  some  cases  the  false  membrane 
spread  from  where  the  poison  had  been  put  in  the  trachea  up  to 
the  mouth.  The  blood  examined  during;  life  or  after  death  was 
found  to  contain  micrococci  precisely  similar  to  those  found  in 
the  Lu<linjrton  cases,  and  in  a  few  instances  microco<ri  were 
found  in  abundance  in  the  internal  organs.  Studies  made  upon 
the  blood  of  these  animals,  as  well  as  upon  the  Ludington  eases, 
show  that  the  microcoeci  first  attack  the  white  blood-corpuscles, 
in  which  they  move  with  a  vibratile  motion.  Under  their  influ- 
ence  the  corpuscles  alter  their  apj)earances,  losing  their  granula- 
tions. They  tinally  become  full  of  the  micrococci,  which  now  are 
quiescent  and  increase  until  the  corpuscle  bursts  and  the  contents 
escape  as  an  irregular,  transparent  mass  full  of  micrococci,  and 
form  the  so-called  zoogloa'  masses.  In  the  diphtheritic  membrane 
the  micrococci  exists  frecjuently  in  balls,  and  it  is  plain  that  these 
collections  are  merely  leucocytes  full  of  the  ])lant.  The  bone- 
marrow  of  the  nniinal  was  found  full  of  leucocytes  and  cells  con- 
taining micrococci. 

The  question  now  arose,  is  the  disease  pro<luced  by  diphtheritic 
inoculation  in  the  rabbit  diphtherial!'  They  concluded  that  it  is, 
l)ecause  the  poison  producing  it  is  the  same,  the  symptoms  mani- 
fested during  life  are  the  same,  and  the  post-mortem  lesions  are 
identical.  The  contagious  character  of  the  disease  is  retained,  as 
they  succeeded  in  passing  it  from  rabbit  to  rabbit. 

Their  next  series  of  experiments  were  directed  to  determine 
whether  the  micrococci  are  or  are  not  the  cause  of  the  allection. 
The  experiments  of  Curtis  and  Satterthwaite,  of  Xew  York,  have 
shown  that  the  infectious  character  of  diphtheria  de})ends  upon 
its  solid  particles ;  for  when  an  infu.-^ion  of  the  membrane  was 
filtered,  it  became  less  and  less  toxic  in  proportion  as  the  filtra- 
tion was  more  and  more  perfect;  and  when  the  infusion  was 
filterel  through  clay,  the  filtrate  was  harmless. 

The  urine  of  i)atients  sulfering  from  malignant  diphtheria  is 
full  of  micrococci,  and  mav  contain  no  other  solid  material.  Fol- 
lowing  the  experiments  of  Letzerich,  they  filtered  this  urine  and 
then  dried  the  filter-paper.  Upon  experimenting  they  found  this 
even  more  deadly  in  its  efi'ects  than  is  the  membrane.  The 
symptoms  and  lesions  following  in  the  rabbit  inoculation  with 
such  paper  are  precisely  those  which  would  have  ensued  had  a 
piece  of  diphtheritic  kiilney  or  membrane  been  employed.  This 
experiment  shows  that  the  solid  particles  of  the  membrane, 
which  are  the  essential  ])oison  of  malignant  diphtheria,  are  the 
micrococci,  which  must  be  either  the  poison  itself  or  the  carriers 
or  producers  of  the  poison.  . 

Culture. —  Kxperiments  were  performed  in  the  manner  com- 
mended by  Klein  and  that  recommended  by  Sternberg.  The  first 
method  seemed  the  best  for  the  purpose  of  studying  the  develoj/- 
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ment  of  the  micrococcus  itself;  the  second,  the  best  for  the 
obtaining  of  it  in  quantity  for  experimentation. 

Micrococci  were  cultivated  from  the  surface  of  ordinary  90i*e 
throats,  from  furred  tongue,  from  cases  of  mild  diphtheria  as 
commonly  seen  in  Philadelphia,  and  from  Ludington  cases. 
There  were  no  dilfferences  to  be  detected  in  the  general  or  special 
appcaranc^e  of  the  viirious  micrococci,  and  no  constant  differences 
in  size.  They  all  formed  similar  sha{>es  in  the  culture-apparatus  ; 
they  had  this  difference,  however, — whilst  the  Ludington  micro- 
cocci grew  most  rapidly  and  eagerly,  generation  after  generation 
up  to  the  tenth,  those  from  Philadelphia  diphtheria  ceased  their 
growth  in  the  fourth  or  fifth  generation,  whilst  those  taken  from 
furred  tongue,  never  got  beyond  the  third  transplantation. 
Various  culture-fluids  were  used,  but  the  results  were  identical. 
They  concluded,  therefore,  that  as  no  difference  is  detectable 
between  the  micrococci  found  in  ordinary  sore  throat  and  those 
of  diphtheria,  save  only  in  their  reproductive  activity,  they  are 
the  same  organisms  in  different  states.  As  the  result  of  some 
hundreds  of  cultures,  they  believe  that  the  vitality  under  artificial 
culture  is  in  direct  proportion  to  the  malignancy  of  the  case 
from  wliich  the  plant  has  been  taken. 

They  next  made  a  series  of  experiments  of  inoculating  rab- 
bits with  cultivated  micrococci,  and  succeeded  in  producing 
diphtheria  with  the  second  generation,  but  never  with  any  later 
product.  This  success,  taken  in  conjunction  with  the  urine 
experiments  already  spoken  of,  seemed  sufficient  to  establish  the 
feet  that  the  micrococci  are  the/onK  et  origo  malt  of  diphtheria. 
The  experiments  of  Pasteur  and  others  have  proven  that  it  is 
possible  for  an  inert  organism  to  be  changed  into  one  possessed 
of  most  virulent  activity,  or  vice  veri<a^  and  it  was  believed  that 
direct  proof  could  be  offered  that  the  micrococci  of  the  mouth 
are  really  identical  in  species  with  the  micrococci  of  diphtheria, 
and  do  not  merely  seem  to  be  so.  The  Ludington  membrane 
was  exposed  for  some  weeks  to  the  air  in  a  dried  condition. 
There  was  no  putridity  or  other  change  detectable  in  it ;  but, 
whereas  formerly  it  had  been  most  virulent,  now  it  was  inert, 
and  its  micrococci  not  only  looked  like  those  taken  from  an 
ordinary  angina,  but  acted  like  them.  They  were  not  dead,  they 
had  still  power  of  multiplication,  but  they  no  longer  grew  in  the 
culture-fluid  beyond  the  third  or  fourth  generation.  Certainly 
they  were  specifically  the  same  as  they  had  been,  and  certainly, 
therefore,  the  power  of  rapid  growth  in  culture-fluids  and  in  the 
body  of  the  rabbit  is  not  a  specific  character  of  the  diphtheria 
Micrococcus. 

As  is  well  known,  Pasteur  attributes  the  change  from  an  active 
to  an  inert  organism  to  the  influence  of  the  oxygen  of  the  air 
upon  the  organism.  Whether  this  be  true  of  the  diphtheria 
Micrococcus  is  uncertain,  but  the  effects  of  exposure  of  the  dried 
membrane  seem  to  point  in  such  direction. 
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With  the  facts  that  are  known  in  regard  to  the  clinical  history 
of  diphtheria  and  those  which  thoy  had  determined  in  their 
research,  it  is  easy  to  make  out  a  theory  of  the  dist^ase  which 
reconciles  all  existinjjj  ditterences  of  opinion  and  seems  to  be  true. 

A  child  jGfets  a  catarrhal  nnijina  or  trachitis.  Under  tiie  stimu- 
lation of  the  inflammation  ])r(>ducts  the  inert  micrococci  in  the 
mouth  bcirin  to  grow;  and,  if  the  conditions  bo  favorable,  the 
sluggish  plant  may  be  finally  transformed  into  an  active  organism, 
and  a  self-generated  diphtheria  results.  It  is  plain  that  if  this  be 
correct  there  must  be  every  grade  of  case  lx»tween  one  which  is 
fatal  and  one  which  is  checked  before  it  fairly  passes  the  boimds 
of  an  ordinary  sore  throat.  Every  practitioner  knows  that  such 
diversity  does  exist.  Again,  conditions  outside  of  the  body 
favoring  the  passage  of  inert  into  active  micrococci  may  exist, 
and  the  air  at  last  become  well  loaded  with  organisms,  which, 
alighting  upon  the  tender  throats  of  children,  may  l)cgin  to  grow 
and  themselves  produce  violent  angina,  trachitis,  and  finally  fatal 
diphtheria. 

In  the  first  instance  we  have  endemic  diphtheria  as  wo  sec  it  in 
Philadelphia;  in  the  second,  the  malignant  epidemic  form  of  the 
disease  as  it  existed  in  Ludington.  It  is  also  apparent  that  in  the 
endemic  cases  the  plant  whose  activity  has  been  developed  within 
the  patient  may  oscape  with  the  breath,  and  a  second  case  of 
diphtheria  be  produced  by  contagion.  It  is  also  plain  that  as  the 
plant  gradually  in  such  a  case  passes  from  the  inert  to  tlu*  active 
state,  there  must  be  degrees  of  activity  in  the  contagium,one  case 
being  more  apt  to  give  the  disease  than  is  another;  also  that  the 
malignant  diphtheria  must  be  more  contagious  than  the  mild 
endemic  cases. 


October  18. 

The  President,  Dr.  RtsciiENBERQER,  in  the  chair. 

Twenty-seven  persons  present. 

A  paper  entitled  *'  Revision  of  the  Tertiary  Species  of  Area  of 
the  Eastern  and  Southern  United  States,^'  by  Angelo  Heilprin, 
was  presented  for  publication. 

The  death  of  Dr.  Benj.  H.  Coates,  a  member,  was  annoimced. 

Noiei<  on  Mistletoes. — Mr.  Thomas  Meeiian  called  attention  to 
some  fine  specimens  on  the  table  of  Fhoradendron  jurnperum^ 
var.  Libocedri  Engelmann,  and  Arceuthobium  ocridentale  var. 
ahielinum  Engelmann,  from  Washoe  Valley,  Nevada,  contributed 
by  Mrs.  Koss  Lowers  of  Franktown  and  said  it  might  be  worth 
noting  a  few  facts  in  relation  to  Mistletoes,  which,  though  perhaps 
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not  wholly  new  to  specialists,   did   not   seem   to   be   generally 
known. 

The  Mistletoe  of  the  Eastern  States  had  a  jjcneral  resemblance 
to  that  of  Europe,  Vi)<cum  album  ;  but  tlie  old  genus  J7s^//m  had 
been  <lividi*(l  bv  modern  botanis^**,  aIthou«:h  the  lines  of  distinc- 
tion  wore  somewhat  artificial.  We  had  two  genera,,  Phoradfndron 
and  Arrti*tfhohium,  Among  the  leading  distinctions  might  l»e 
mentioned  that  the  European  branch  of  the  family,  Vi,<cum^  as 
now  restricted,  had  the  anther  open  by  three  pores  on  slits,  our 
Phoradendron  by  two.  while  the  Arceulhobium  had  but  one. 
There  were  other  slijrht  differences  in  pollen  grains,  cotyledons, 
and  form  of  the  fruits.  The  Euro|>ean  Mistletoe  is  usually 
founded  on  di'cidnous  trees  only,  an  instance  being  recorded 
where  it  had  been  found  on  the  Scotch  pine  in  (lermany,  and  its 
American  representative,  Phoradrndnn}  flavescent-s  Nutlall,  seemed 
also  confine<l  to  deciduous  trees  and  shrubs.*  This  extends  across 
the  continent,  a  form  l>eing  found  on  the  Pacific  coast  still  con- 
fined to  dcci<luous  plants;  while  another  genus,  Arceutholnum^ 
seems  wholly  confined  to  the  coniferous  trees  which  are  mixed 
with  the  deciduous  ones.  The  name  Arceuthobium  is  suggestive  of 
this  fact,  it  being  derived  from  two  Greek  words  signifying  "  living 
on  the  juniper.'*  Phoradendron ^o\\  the  other  hand,  meaning  simply 
*'  livitig  on,  or  stealing  from  trees."  Arceuthobium,  however,  did 
not  live  wholly  on  junipers.  In  the  herbarium  of  the  Academy  was 
a  specimen  of  A.  occidentale^  growing  on  Janij/eruH  occidentalis — 
these  Nevada  s|)ecimens  were  on  Piitusponderosa.  The  specimens 
of  Phoradendron  juniper inum  were  growing  on  Lihjcedrus  decur- 
rens,  which,  by  the  way.  was,  he  believed,  the  first  time  this  pretty 
cupressineous  tree  had  been  reported  from  the  State  of  Nevada, 
Among  the  differences  noted  by  Engelmann  in  the  botany  of 
California,  between  Phoradendron  and  Arceuthobium,  was  that 
while  the  former  flowered  in  February  and  March,  and  matured 
its  fruit  '*  next  winter,''  tlie  fruit  of  the  Californian  species 
o])ened  in  the  summer,  and  did  not  mature  till  the  ''  second 
autumn.''  The  European  Mistletoe  was  stated  by  Bentham  to 
open  in  spring,  and  perhaps  this  was  so;  it  was  formerly  supposed 
to  be  the  case  with  the  American  Phoradendron  jlavescens,  but 
Mr.  Wm.  Cnnb}'  had  shown  to  the  Academy  recently,  that  in 
Delaware  the  flowers  opened  in  the  fall,  and  the  fruit  matured  in 
the  autumn  of  the  following  year,  or  just  one  year  afcerward. 
The  flowers  and  fruit  were  on  tlie  trees  at  the  same  time  together. 
If  this  were  general  with  Phoradendron^  it  still  lessened  the  dis- 
tinctions between  the  genera.  Usually  Phoradendron  bore  leaves, 
while  Arceuthobium  was  leafless — but  the  Libocedrus  parasite 
was  as  destitute  of  leaves  as  an  Arceuthobium^  and  the  common 
observer  would  see  little  in  their  general  aspects  to  distinguish 

^  Mr.  Jos.  .leanes  believes  he  saw  a  specimen  some  years  ago  on  Abia 
Canadensis, 
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them.  But  there  was  one  great  difFerence  in  the  jjcnus,  at  least 
as  represented  by  these  two  species.  In  opening  the  box  which 
contained  the  specimens,  the  wliole  mass  was  covered  with  a 
dense  viscid  secretion,  which  rendered  it  very  ditficiilt  to  separate 
one  branch  from  another.  On  leaving  the  lid  open  a  little  while, 
the  watery  particles  soon  evaporated,  leaving  a  dry  gummy 
deposit  over  tlie  wiiole  surface.  While  this  was  going  on,  the 
seeds  were  ejected  with  great  force  from  their  endocarps,  being 
projected  against  the  face  with  such  force  as  to  leave  a  stinging 
sensation.  Dr.  Engelniann  has  noted  this  power  of  ejection  in 
the  berries  of  this  plant.  The  Phoradrndron  exhibited  no  trace 
of  any  such  power,  though  there  seemed  to  be  lit*lc  <liirerence  in 
the  stnK'turc  of  the  berries.  The  facts  raised  a  nicv*  ti'leological 
question,  lairds  did  not  seem  to  use  tlie  berries.  As  they  were 
so  viscid  that  the  famous  bird-lime  is  made  from  some  species, 
it  is  proljable  the  very  viscidity  would  prevent  the  free  use  of  the 
beak  in  any  attem[)t  to  use  the  seeds.  But  it  was  believed  that 
b}'  becoming  attached  to  tlie  feet  or  feathers  of  birds,  the  seeds 
were  widely  distributed,  and  tliat  in  this  way  the  ])lant  iiad  all  the 
advantage  necCs^isary  for  distribution  in  the  "  struggle  for  life.'' 
But  A?'ceufhobiuni,  besides  all  the  advantages  to  be  derived  from 
this  mode  of  distribution,  had  an  additional  aid  from  a  projecting 
force. 

Did  Arceuthohium  at  one  time  exist  when  or  where  there  were 
no  birds,  and  had  it  to  depend  on  projection  alone  for  its  dis- 
tributing power,  and  is  the  viscidity  a  later  develo])ment?  Did 
Phorodrndron  once  possess  the  power,  and  has  it  abandoned  it 
from  having  through  the  ages  found  out  that  it  travels  well 
enough  without  its  exercise?  Or  is  it  rather,  as  the  speaker  him- 
self inclined  to  believe,  that  nature  loved  to  aim  expressly  at 
variety,  and  was  continually  exhibiting  her  power  to  accomplish 
the  same  end  bv  a  wonderful  varietv  of  means  ?  l^ut  whatever 
might  be  thought  of  the  various  theories  of  development,  and 
the  laws  of  final  causes  which  may  have  operated  to  produce 
changes,  there  could  be  but  little  doubt  but  parasitism  was  an 
acquinnl  habit,  and  the  endeavor  to  find  out  what  the-^e  plants 
were,  and  how  they  behaved  before  they  were  parasites,  was  fast 
becoming  one  of  tlie  most  interesting  of  biological  studies. 

The  seeds  ejected  from  the  endocarp  in  Arceuthobium  fastened 
themselves  to  the  branches  of  trees  by  a  glutinous  mass  at  one 
end.  This  end  was  opposite  to  the  radicle,  which,  in  germinating, 
would  have  to  push  out  fiom  above,  and  curve  downwards  towards 
the  branch  in  order  to  attach  itself,  lie  had  not  seen  them  during 
the  |)roces8  of  germination,  but  as  the  testaceous  covering  was 
held  fast  by  the  glutinous  secretion,  it  is  probable  the  cotyledons 
would  be  drawn  out  as  the  plumule  took  its  u})right  position, 
leaving  the  testa  as  an  empty  case  fastened  to  the  branch.  Pre- 
suming that  this  must  be  the  case  with  other  Loranthaceous 
plants,  it  was  ditticult  to  understand  the  process  by  which  the 
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East  Indian  species  performed  the  locomotive  feat  recently  noted 
by  Dr.  Watt,  and  which  from  its  remarkable  nature  has  had  a  wide 
publication.  It  was  reported  as  the  obseri'^ation  of  Dr.  Watt  that 
a  seed  falling  on  and  becoming  attached  to  the  coriaceous  leaf 
of  a  Memecylon,,  would  send  out  its  radicle,  which,  cun'ing  down, 
formed  a  flattened  disk  by  which  it  attached  itself  to  the  leaf. 
But,  as  if  it  knew  that  a  leaf  could  not  permanently  support  a 
perennial  plant,  the  cotyledons  were  lifted  and  turned  to  the  other 
side,  when  tlie  end  with  the  disk  moved  to  another  place,  and  in  this 
way,  the  seed  traveled  to  a  more  favorable  spot.  Without  reflecting 
on  the  observation,  Mr.  Meehan  believed  it  should  be  repeated  in 
order  to  be  sure  of  no  mistake.  In  all  plants  in  our  country 
which  fastened  to  an  object  throujrh  a  disk  at  the  end  of  a  rootlet 
or  tendril,  as  in  Ampelopaitt  and  Bignonia  capreolatay  the  attach- 
ment was  made  while  the  disk  was  forming.  A  disk  once  formed, 
did  not  reattach  itself  to  an  object  wlien  removed  from  the  original 
spot.  In  like  manner  the  cotyledons,  once  removed  from  the 
endocarps,  would  have  no  viscidity  with  which  to  form  a  resisting 
power  while  tiie  disk  was  unfastening  itself  from  its  undesirable 
location.  There  was,  however,  so  much  of  singular  behavior  in 
the  Mistletoe  family  that  further  observations  were  very  desirable. 

Dr.  Geo  H.  Horn  observed  that  the  Mistletoe  which  was  para- 
sitic on  the  "'Mesquite''  in  Arizona  {Phoradendron  Californi- 
cum?)^  had  flowers  and  fruit  together  in  the  autumn. 

Mr.  Geo.  W.  Holstein  observed  that  this  was  also  the  case  with 
the  species  {Phoradendron  Jlavescensf)  which  grew  on  the  elms 
in  Texas. 

Dimorphism  in  a  Willow. — Mr.  Thomas  Meehan  called  atten- 
tion to  branches  of  a  willow  on  the  table,  presented  by  a  member, 
Mr.  Edward  Potts,  which  were  gathered  by  his  brother  from  one 
plant  in  the  Adirondacks.  Besides  the  certainty  that  they  were 
from  one  plant,  for  which  Mr.  Potts  was  willing  to  vouch,  he 
observed  that  the  buds  and  other  points  indicated  a  community 
of  origin.  But  while  the  normal  leaves  were  broadly  ovate — 
about  two  inches  long  by  over  one  broad — the  leaves  on  the  other 
branch,  though  quite  as  long,  were  not  over  a  line  wide.  The 
species  so  far  as  one  could  judge  of  a  willow  having  mere  leaves, 
appeared  to  be  Salix  reticulata.  Dimorphism  in  foliage,  is  not 
uncommon  in  many  trees,  but  it  was  worth  noting  that  change  by 
gradual  modification  was  not  the  law  in  these  variations.  The 
change  of  (me  form  to  another  quite  dissimilar,  was  usually  made 
by  a  wide  leap,  without  any  intermediate  changes,  and  he  believed 
this  to  be  the  rule  in  specific  as  well  as  individual  development. 
It  was  nothing  against  the  doctrine  of  evolution  that  there  were 
"  missing  links. ^' 

Occurrence  of  the  same  species  of  Protozoa  on  both  sides  of  the 
Atlantic, — Mr.  Ryder  remarked  that  during  his  sojourn  at  Cherry- 
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stone,  Virginia,  he  had  met  with  another  ciliated  protozoan,  Licno- 
phora  cohnii^  in  the  waters  of  the  Chesapeake,  also  found  in  the 
Mediterranean  and  North  Sea,  and  now  for  the  first  time  recorded 
as  occurring  in  the  American  fauna.  The  existence  of  congeneric 
and  conspecific  protozoan  forms  on  both  sides  of  the  Atlantic 
had  been  alluded  to  before  by  the  speaker ;  of  these  he  had  noticed 
Cothurnist^  Vorticellse,  Zoothamnia,  Freia  producta^  TirUinnuSj 
Bhipiododendron,  and  several  Oastrotricha  which  appear  eon- 
specific  with  old  world  types. 


October  25« 

The  President,  Dr.  Rusohenberger,  in  the  chair. 

Thirty-nine  persons  present. 

Art.  3,  Chap.  XY,  of  the  By-Laws  was  amended  by  adding 
after  the  word  "  election ''  in  the  second  line,  the  words  "  and 
resignation." 

Mr.  W.  N.  Lockington  was  elected  a  member. 
The  following  were  ordered  to  be  printed : — 
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irOTE  OH  THE  APPROXIMATE  POSITION  OF  THE  £OCS:ir   D::?0SIT8  OF 

MABTLAKD. 

BT   ANQELO   HEILPRIN. 

The  positive  determination  of  the  relation  which  the  older 
Tertiary  depoHits  of  Maryland — tliose  of  Ft.  Washin^^ton,  near 
the  City  of  Washington,  and  Piacataway  and  Upper  Marlborough 
in  Prince  (loorge's  County — ^hold  to  the  typical  American  Eocene 
series  as  exiiibited  in  Alabama,  can  only  be  arrived  at  when  a 
direct  stratigraphical  continuity  can  be  traced  between  the 
deposits  of  the  two  states,  or  between  their  previously  recognized 
representatives  in  the  intervening  states.  This  is  due  to  the  fact 
that  sevenil  members  of  the  Eocene  series  appear  to  be  absent 
from  this  portion  of  the  Atlantic  l>order,  but  exactly  which  it  has 
as  yet  been  impossible  to  determine.  The  presence  of  strata  of 
Jacksonian  age  has  never  been  detected,  nor  have  we  any  positive 
knowledge  concerning  the  existence  in  the  State  of  any  beds  which 
may  be  looked  upon  as  the  equivalents  of  the  Orbitoide  limestone, 
although  Oligocene  (Vicksburgian)  strata  may  exist  along  the 
Chesapeake.  But  whether  the  deposits  in  question — Ft.  Wash- 
ington, Piscataway,  and  Upper  Marlborough — represent  the 
Cliubornian,Buhrstone,or  Eo-Lignitic  is  a  matter  of  considerable 
uncertainty,  perhaps  largely  due  to  their  comparatively  feeble 
development.  Almost  the  only  evidence  we  have  bearing  upon 
this  point  is  derived  from  the  character  of  the  contained  fossils, 
but  even  here  the  results  obtained  are  far  from  satisfactory,  and 
for  two  reasons:  in  the  first  place,  the  charpcter  of  the  Eocene 
fossils  is  largely  uniform  throughout  the  greater  portion  of  the 
entire  series,  as  is  shown  by  nearly  the  lowest  and  highest 
exposures  in  the  State  of  Alabama  ;  and  in  the  second  place,  the 
great  distancje  intei*vening  between  the  two  localities— Alabama 
and  Maryland — may  readily  account  for  certain  differences  in  the 
general  aspect  of  the  two  fossil  faunas,  which  otherwise  would 
probably  be  attributable  to  a  non-contemporaneity  in  the  periods 
of  their  introduction.  The  evidence  afforded  by  lithological  char- 
acters is  almost  equally  unsatisfactory,  since  there  is  a  frequent 
repetition  of  the  general  rock  aspect — green  sands,  clays,  and 
siliceous  marls — observable  at  different  stages  of  the  series. 
Conrad,  the  only  investigator  whose  observations  on  this  subject 
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are  of  scientific  value,  afllrnis  that  the  majority  of  the  fossil  mol- 
lusca  arc  of  the  Claiborne  tyi^e,  and  he  consequent!}'  correlutes 
the  beds  containing  them  in  a  general  way  with  those  exposed  on 
the  Alabama    River,  although   without  specially  indicating  with 
what  portion  of  the  Claiborne  section  they  were  supposed  to  cor- 
respond.    Indeed,  about  the  onl}'  fossils  obtained  from  the  Mary- 
land localities  which  can  in  any  way  be  said  to  be  either  charac- 
teristic  of  or  peculiar  to  them  are  Pavapea  elongnta,  Plioladomya 
Marylandira^    PJwlaa    jietroAd^    Ctiatllfva    (Latinrrn)    ffi(j(uitea^ 
Oittrea  compn^.^sirosfra,  and  one  or  two  doubtful  sju^cies  of  Cy^ati- 
satellit.      All  the  species  here  named,  if  we  except  the  doubtful 
Craaaatel  la  a  and   0.sYrf?a  fv>m/);v'<,s?  ros/ra  are  good  species,  and  if 
we  further  deduct  (JuciiUfea  (jicja^Ue.a^  the  only  Eocene  species  of 
the  sfcnera  to  which  thev  belonu:  thus  far  discovered  in  tlie  eastern 
or  southern  Unite<l  States.     On  the  whole,  therefore,  they  afford 
little  or  no  clue  to  the  exact  determination  of  the  age  of  the 
deposits  in  which  they  occur.     It  is  true  that  an  examination  of 
thehomotaxial  deposits  of  Europe  shows  the  genera  Phnladomya 
and  Panopea  to  be  more  especially  characteristic  of  the  lower  or 
even  lowermost  horizons  of  the  Eocene  series,  as  in  the  English 
and  French  basins,  but  no  special  inference  can  be  drawn  from 
this  circumstance,  since  the  8[)ecies  are  not  the  same,  and  the 
genera  survived  through  the  succeeding  periods  to  the  present 
day.     In  the  case  of  Oalrea  compn*iisi ro.^t ra^  however,  we  have  a 
much   more   tangible    point.      The   species,  first   described  and 
figured  bv  Sav  (Journal  of  the  Academy  of  Natural  Sciences,  iv, 
p.  133),  is  certainly  very  intimately  related  to  the  Otifrm  Bdhwa- 
cina  of  Lamarck,  and  apparently  undistinguishable  from  certain 
varieties  of  that  species.*     Now  this  species,  although  not  exclu- 
sively restricted  to  the  lowest  Eocene  beds,  is  nevertheless  highly 
characteristic  of  the  Thanet  sands,  below  the  London  Clay  proper 
and  also  below  what  was  formcMly  designated  as  the    *'  Plastic 
Clay"  series,  where  it  constitutes  a  true  basement  a'cumulation  ; 
and  it  holds  almost  precisely  the  same  relation  to  the  bi'ds  of  the 
Paris  basin,  where, according  to  Deshayes  (Anhnaux  s,  Vertehres^ 

*  The  distinguishing  characters  of  the  beaks  pointed  out  by  Say  do  not 
seem  to  hold  in  many  instances,  as  is  proved  by  specimens  of  the  C.  Bello- 
vaeina  from  the  **  London  Clay"  of  Bognor,  England,  in  the  collections  of 
the  Academy,  which  do  not  dilfer  as  much  from  certain  Amencan  speci- 
mens as  these  last  do  among  themselves. 
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Bassin  de  Paris,  ii,  p.  117)  it  occupies  the  horizon  of  the  Bracheux 
sands.  The  species  wherever  found  appears  to  be  considerably 
restricted  in  its  vertical  range,  and  its  occurrence,  therefore,  in 
some  of  the  American  deposits  would  seem  to  afford  some  more 
decided  indication  of  the  true  age  of  those  deposits  than  could  be 
obtained  from  the  character  of  the  limited  number  of  its  con- 
tained fossils  taken  as  a  whole.  Associated  with  Ostrea  camprea- 
9iro8tra  were  found  casts  of  the  large  Cucullaea  gigantea  (Conrad, 
Journ.  Ac.  Nat.  Sciences,  vi,  p.  215, 1830;,  a  species  which  appears 
not  to  be  represented  in  any  of  the  equivalent  European  forma- 
tions. But  in  Virginia,  in  beds  which  can  be  shown  to  be  the 
direct  equivalents  of  those  of  Maryland,  there  occurs  in  addition 
to  the  C.  gigantea  of  Conrad,  a  second  species  of  Cucullxa,  the 
Cn  onochela  of  Rogers  (Trans.  Am.  Philqs.  Soc.,  new  ser.,  vi,  p. 
373 ;  Laiiarca  idonea  Conr.,  Proc.  Acad.  Nat.  Sciences,  1872,  p. 
53 — ^no  locality  stated),  which,  if  not  identical  with  the  C.  cras- 
saiina  of  Lamarck,  from  the  Bracheux  sands  of  the  Paris  basin, 
is  certainly  most  intimately  related  to  it,  and  can  be  considered  in 
every  way  as  its  immediate  representative,^  It  should  also  be 
stated  that  the  only  other  species  of  Cucullaea  described  by  Des- 
hayes  {Animaux  s.  Vertebr.,  Bassin  de  Paria^  i,  p.  i09)  from  the 
Paris  basin  (  G,  incerta  Desh.)  is  found  in  the  same  horizon  with 
the  C.  crassatina,  and,  likewise,  the  single  species  described  by 
Searles  Wood  from  the  older  Tertiaries  of  England  is  a  lower 
Eocene  form 

If  such  comparisons  are  of  any  value  stratigraphically  we  may 
fiedrly  look  upon  the  Mar3'^land  Eocene  deposits — the  Piscataway 
sands  below,  and  the  Marlborough  rock  above — as  representing  a 
hoiizon  nearly  equal  to  that  of  the  Thanet  sands  of  England  and 
the  Bracheux  sands  of  the  Paris  basin,  or  of  the  British  Bognor 

^  I  have  had  no  specimens  of  tha  European  species  with  which  to  insti- 
tute direct  comparisons,  but  as  the  species  is  a  large  one,  and  with  well- 
defined  characters,  1  have  relied  upon  the  figures  and  characters  as  fur- 
nished by  Deshayes  (  Coguilles  FossiUs,  Environs  de  PariSf  i,  p.  193  ;  Atlas, 
PI.  zxxi,  figs.  8  and  9),  which  are  well  known  for  their  accuracy.  The  C. 
erassatina  is  catalogued  by  Prestwich  (Quart.  Joum.  Geol.  8oc.,  1854,  p. 
109)  and  Morris  («<Cat  Brit.  Foss.,"  p.  197)  as  being  also  an  English 
form,  and  as  belonging  to  the  Thanet  series,  but  by  Searles  Wood  ( **  Mon- 
ograph of  the  Eocene  MoUusca  "  Bivalves,  in  PalsBont.  Soc  Reports,  1861, 
p.  94),  the  species  occurring  at  Heme  Bay,  Faveraham,  etc.,  is  considered 
to  be  distinct  ( C,  decustata  Park). 
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rock  (=  London  Claj).^     In  either  case  they  would  be  near  the 
base  of  the  Eocene  series. 

In  the  scale  of  the  American  series  as  exhibited  in  Alabama, 
they  would  occupy  a  position  probably  near  the  base  of  the 
'^  Buhrstone,''  or  possibly  even  lower,  as  the  equivalents  of  the 
beds  exposed  on  Bashia  Creek,  and  Cave  and  Knight's  Branches 
("  Eo-lignitic  "). 

'  The  similarity  eristing  between  the  Marlborough  and  Bognor  rocks 
has  been  pointed  oat  by  Comad  (Proe.  National  Institation,  p.  172,  1841). 
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A  BBYI8I0V  Of  THS  TKBTIABT   8PSCIS8  Of   ASCA  Of  THS  SASTHV 

AHD  BOITTHBBV  UVITED  8TATS8. 

BY  ANQELO  HEILPBIN. 

In  the  following  enumeration  I  have  reduced  all  the  species  to 
the  single  genus  Area,  the  various  modifications  of  form  and 
ornamentation  not  appearing  to  me  to  be  either  sufficiently  well 
marked,  or  of  sufficient  importance,  to  constitute  points  for  generic 
subdivision.  The  Area  gigantea  B,nd  A.  onoehela  are  forms  which 
would  fall  in  the  subgenus  Cueullesa. 

The  names  in  parentheses  are  those  under  which  the  species  are 
indicated  in  the  '<  Smithsonian  Check  Lists  "of  1864  and  1866; 
they  are  repeated  here  merely  to  facilitate  comparisons  with  those 
lists,  and  in  no  way  represent  the  views  of  the  author  on  the  sub- 
ject of  generic  relationship. 

EOOSKB. 
A.  aipara  Conr.  (Bftrbatia;  Calliaroa)  Jaektonian.  Mill. 

Proc.  A.  N.  S.,  vii,  p.  258,  as  Navicula, 

A.  enoulloidei  Conr.  (Cuoullarca).  Ala. 

Tert.  Fo88.y  1st  ed.,  p.  87. 

A.  gigantta  Conr.  (Latiarca).  Md. 

J.  A.  N.  a,  vi,  p.  227. 

t  A.  lima  Conr.  Jaek§onian,  Tex. 

J.  A.  N.  S.,  2d  ser.,  p.  125,  as  Byssoarea, 

A,  (Byssoarea)  Mis»i$iippienHi  Conr.      J.  A.  N.  8.,  2d  ser.,  p.  125 

(young). 
Cibota  MissistippiensU  Gabb.    J.  A.  N.  S.,  iv,  2d  ser.,  p.  887. 

I  am  somewhat  doubtful  as  to  the  correct  determination  of  his 
species  by  Gabb. 

A.  OAOOliala  Rogera  (Latiaroa).  Vs. 

Trans.  Am.  Phil.  Boc.,  1889,  p.  372,  as  CueuUaa, 

Latiarca  idorua  Conr.    Proc.  A.  N.  8.,  1872,  p.  58  (no  locality). 

This  species  appears  to  be  very  closely  related  to,  if  not  identical 
with  the  Cueullsea  eraasatina  of  Lamarck,  from  the  lower 
Soissonnais  sands  of  the  Paris  basin,  and  possibly  also  from  the 
British  Bognor  rock. 

A.  protraeta  Rogers  (Ana'^ara).  Va. 

Trans.  Am.  Phil.  Soc,  new  ser.,  v,  p.  832. 
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I  have  seen  no  specimen  of  this  species,  and  therefore  rely 
solely  upon  the  description  and  figure  as  given  by  Rogers ;  I  am 
inclined  to  doubt  its  validity. 

A.  rhomboidella  Lea.  (Anomalocardia).  Aia 

"Contributions  to  Geology,"  p.  74. 

A.  Bogtni  Heilpr.  Vm. 

Area  (^Cundltra)  transversa  Rogers.  Trans.  Am.  Phil.  8oc.,  1889, 
p.  878.    Specific  name  iransrersa,  preoccupied  by  Say. 

I  have  seen  no  specimen  of  this  species,  and  judging  from  the 
figures  illustrative  of  Rogers'  description  it  api>ear8  as  though  it 
may  prove  to  be  only  a  variety  of  A.  onocheJa, 

Oligocbne. 
A.  lims  Conr.  Mim. 

J.  A.  N.  S.,  i,  2d  ser.,  p.  125,  as  Byssoarea. 

A.  (Byssoarca)  Mi€8usippim$i$  Conr.  (young).    J.  A.  N.  S.,  i,  2d  ser., 

p.  125. 

This  species  is  most  closely  related  to  the  .4,  riidia  Desh.,  an 
Eocene,  Oligocene  and  Miocene  (?)  fossil  of  western  and  southern 
Europe;  it  differs  from  the  recent  A,  Helbingii  Brug.  (=  A, 
harhata  L.  ?),  of  which  the  A.  rudis  is  stated  by  Deshayes  to  be 
possibly  only  a  variety,  in  the  strong  carination  of  the  posterior 
slope. 

A.  Miiiiiiippieniii  Conr.  Mir*. 

J.  A.  N.  S.,  i,  2d  ser.,  p.  125. 

A.  inbprotraeta  Ileilpr.  M\m. 

Conrad,  J.  A.  N.  S.,  i,  2d  ser.,  p.  128,  as  Bynoarca  protracta  ;  specific 
name  preoccupied  by  Rogers,  Trans.  Am.  Phil.  Soc.,  new  ser.,  v, 
p.  832. 

MiOCBNB. 
A.  arata  Say  (Scapharoa).  Md. 

J.  A.  N.  8.,  iv,  p.  187.    Conr.,  Mioc.  Foes.,  p.  58. 

This  species  is  enumerated  on  the  authority  of  Say  and  Oonrad  ; 
I  have  seen  no  specimens  of  it,  and  am  doubtful  whether  it  is  not 
a  form  subsequently  described  under  a  new  name  by  Conrad.  It 
seems  to  have  been  closely  related  either  to  --1.  limula  or  A.  Car- 
olinenmH, 

A.  brevidsima  Conr.  N.  Car. 

Mioc.  Fobs.,  p.  62. 

(Not  enumerated  in  the  "  Smithsonian  Check  List ''  of  1864.) 
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iL  bnoenla  Conr.  N.  Car. 

Mioc.  F068.,  p.  60. 

(Not  enumerated  in  the  ^^  Smithsonian  Check  List  ^  of  1864.) 

iL  oaUta  Conr.  (BarbatU).  N.  Car. 

Mioc.  F088 ,  p.  61. 

iL  oaUipUara  Conr.  (Boapharea).  Md. 

Mioc.  F08B.,  p.  54. 

A.  C«rolia«Biif  Conr.  (Noetia).  N.  Car. 

Proa  A.  N.  8.,  1862,  p.  290,  as  A,  ponderoia  var.  Carolinen$i$, 

This  species  differs  from  the  recent  A.  ponderosa  (Sfty)  of  the 
Atlantic  coast  in  having  a  comparatively  longer  hinge  margin,  a 
much  more  elongated  posterior  slope,  and  the  umbones  less  promi- 
nently incurved. 

k»  OMltaiuuria  Saj  (Striarea).  Va.;  Md.;  N.  Car. 

J.  A.  N.  8^  iv,  p.  188.    Conrad,  Mioc.  FooSb,  pw  66. 
Kmmons,  GeoL  N.  Car.,  1868,  p.  284 

This  species  very  closely  resembles  both  in  outline  and  general 
ornamentation  the  recent  A.  8olida  (Brod.  and  Swby.),  but  it 
lacks  the  posterior  carination  of  that  species,  and  the  ribe  are 
mnch  less  distinctly  beaded. 

A.  idOBM  Conr.  (Scapbarea).  Md.;  N.  Car. 

Tert  FoflsilB,  2d  ed.,  p.  16.    Mioo.  Fon.,  pw  55. 
EmmoDfly  GeoL  N.  Car.,  p.  285. 
A.  oaiMiumf  Conr.    Tert  Foss.,  2d  ed.,  p.  15. 

*  This  species  is  stated  by  Conrad  (Mioc.  Foss.,  p.  55)  to  be  the  young 
of  A,  idanea  ;  I  have  not  seen  sufficient  specimens  of  the  former  to  deter- 
mine this  point  with  positiyeneflSi  but  the  variation  soareely  appears  to  be 
of  specific  value.  Both  spedes  are  recorded  in  the  **  flmithsonian  Check 
List*' for  1864. 

The  A.  idonea  greatly  resembles  the  A.  incongrua  of  Say,  a 
reeent  species  from  the  southern  Atlantic  coasts  of  the  United 
States,  f^om  which,  however,  it  can  be  readily  distinguished  by 
several  well-defined  characters.  In  A.  idonea  the  anterior  ribs 
ai:e  narrower  than  the  interspaces,  whereas,  in  A.  incongrua 
(where  the  ribs  are  much  more  prominently  transversely  barred) 
the  reverse  is  very  decidedly  the  caae.  Again,  in  A.  idonea  the 
hinge  area  is  marked  with  several  '^diamond-shaped"  longi- 
tudinal impressions,  while  in  A.  incongrua  it  is  transversely 
striated.  The  shell  in  the  recent  species  is  also  much  more 
prominently  inequivalve. 
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A.  ineile  Say  (Anadara).  Va. ;  N.  Car. 

J.  A.  N.  8.,  iv,  p.  139.    Conrad,  Mioa  Foss.,  p.  56. 
Emmons,  Qeol.  N.  Car.,  1858,  p.  284. 

A.  lienoia  Saj  (Soapharca).  N.  Car. 

American  Conchology,  PI.  36,  fig.  1. 
Emmons,  Geol.  N.  Car.,  p,  284. 

This  species  appears  to  be  imdistinguishable  from  the  recent 
A.  Floridana  Conr.,  the  specific  name  of  which  will  consequently 
have  to  be  replaced  by  that  of  Say's  species,  which  has  priority. 

A.  limula  Conr.  (Noetia).  Va. ;  N.  Car. 

Tert  Foss.,  2d  ed.,  p.  15 ;  Mioc.  Foss.,  p.  60. 

A.  MaryUndioui  Conr.  (Barbatia).  Md. 

Mioc.  Fobs.,  p.  54,  as  ByMoarca* 

A.  plioatura  Conr.  (Soapharca).  N.  Car. 

Mioc.  Foes.,  p.  61. 

A*  improcera  Conr.     Mioc.  Foss.,  p.  60  (young). 
A.  lineolata  Conr.     Mioc  Foss.,  p,  61. 
A.  aguieostata  *  Conr.    Mioc.  Foss.,  p.  60. 

*  I  have  seen  no  authenticated  specimens  of  this  last,  but  feel  satis- 
fied that  it  is  no  other  than  the  A,  lineolata^  with  the  description  of  which 
it  thoroughly  agrees.  A  specimen  of  A,  lineolata^  so  marked  by  Conrad, 
is  the  one  from  which  the  figure  of  A,  cBquicostata  in  Mioc.  Foss.  (PI.  81, 
fig.  6)  has  been  taken. 

The  A.  plicatura  (I  have  retained  the  name  as  best  illustrative 
of  the  specific  character  of  the  fossil)  differs  principally  from  the 
recent  A,  transversa  of  Say  in  being  a  less  capacious  shell,  and 
in  having  the  posterior  slope  much  less  distinctly  angulated  or 
carinated.  The  young  shells  of  both  species  appear  to  be  undis- 
tinguishable  from  each  other,  and  although  there  are  sufl^ciently 
well-marked  characters  separating  the  full  grown,  I  have  but  little 
hesitation  in  believing  that  the  coast  shell  of  the  present  day 
(which  appears  also  as  a  post-Pliocene  fossil)  is  only  a  derivative 
from  the  fossil  form.  The  A,  plicatura  recalls  the  A,  diluviij 
from  the  European  Miocene  deposits. 

A.  propatula  Conr.  (Barbatia).  Va. 

Proc.  A.  N.  8.,  i,  p.  828 ;  Mioc.  Foss.,  p.  61. 
?  Area  hians  Tuomey  and  Holmes.    Plioc.  Foss.,  p.  84. 

The  figure  of  this  species  in  the  "  Pleiocene  Fossils,**  very 
closely  resembles  the  type  specimen  of  Conrad's  A,  propatula^ 
and  I  have  but  very  little  doubt  (although  I  have  not  seen  an 
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authenticated  specimen  of  A,  hians)  that  the  two  species  are  in 
fact  identical,  despite  the  supposed  distinctions  pointed  out  by 
Tuomey  and  Holmes. 

A.  loaUrii  Conr.  (Scapharoa)  N.  Car. ;  Va. 

Proc.  A.  N.  S.,  iy  p.  324 ;  Mioc.  Fo68. ,  p.  59. 

A.  tnbroitata  C*  nr.  (Scapharca).  Md. 

Proc.  A.  N.  8.,  i,  p.  80.    Mioc.  Foss.,  p.  58. 
A.  tenuicardo  Conr.    Am.  Joum.  of  Conchology,  v,  p.  80. 

A.  iTibiiiiiiata  Conr.  (Soapharoa).  N.  Car. 

Mioc.  Fobs.,  p.  62. 

A.  traniveria  Say  (Soapharca).  Va. ;  N.  Car 

J.  A.  N.  S.,  ii,  p.  269.       Conrad,  Fobs.  Shells  Tert.  Form.,  p.  15; 
Emmons,  Geol.  of  North  Carolina,  1858|  p.  285. 

I  have  but  little  doubt  that  the  species  here  described  is  one  of 
the  various  forms  of  A.  plicatura, 

A  triqnetra  Conr.  (Suapharoa),  Md. 

Proc.  A.  X.  S.,  i,  p.  S05.    Mioc.  Fobs.,  p.  59. 
:--  A,  stamineaf  Say,  **  American  Conchology,"  p.  86,  fig,  2.  (In  Say's 

description  the  anterior  extremity  of  the  shell  is  described  as  the 

posterior,  and  vice  versa). 

Somewhat  resembles  the  recent  A.  rhombea  (Born). 

Plioobhb. 

A.  osBlata  Conr.  (Barbatia).  S.  Car. 

Mioc.  Fobs.,  p.  61.    Tuomey  and  Holmes,  Plioc.  Fobs.,  p.  86. 

A.  oentsnaria  Say  (Striaroa).  S.  Car. 

J.  A.  N.  8.,  iv,  p.  188.    Tuomey  and  llolmes,  Plioc.  Foss.,  p.  87. 

A.  inoile  Say  (Anadara).  8.  Car. 

J.  A.  N.  S.,  iv,  p.  189.    Tuomey  and  Holmes,  Plioc.  Foes.,  p.  86. 

A.  ineongroa  Say  (Soapharca).  8.  Car. 

J.  A.  N.  8.,  ii,  p.  268.    Tuomey  and  Holmes,  Plioc.  Foss.,  p.  45. 

A.  pexata  S  y  (Argina).  8.  Car. 

J.  A.  N.  S.,  ii,  p.  268.    Tuomey  and  Holmes,  Plioc.  Foss.,  p.  46. 

A.  ioalarii  Conr.  (Soapharca).  8.  Car. 

Proc.  A.  N.  S.,  i,  p.  824.    Tuomey  and  Holmes,  Plioc.  Foss.,  p.  48. 

A.  lienoia  Say  (Scapharca).  8.  Car. 

American  Conchology,  PI.  86,  fig.  1.    Tuomey  and  Holmes,   Plioc. 
Foss.,  p.  40. 

A.  pUoatnra  Conr.  (Soapharca).  8.  Car. 

Mioc.  Fobs.,  p.  61. 
A.  improeera  (young)  Conr. ;  Tuomey  and  Holmes,  Plioc.  Foss.,  p.  41. 
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t  A.  prtfatlU  Conr.  (BarbatU).  8.  Car. 

Proo.  A.  N.  8.,  i,  p.  8S8.    Mioo.  Fom.,  p.  81. 

Area  hioMf  Tuomey  and  Holmes,  Plioa  Foss.,  p.  84.    See  note  under 
A.prapahUa  (Miocbitb). 

A.  mttiea  Taomey  and  Holmet  (Soapharea).  8.  Car. 

Mioc.  Fobs.,  p.  89. 

I  have  seen  no  specimen  of  this  species,  and  can  therefore  not 
pronoonce  upon  its  validity.  The  fhigment  illustrated  in  the 
^  Pleiocene  Fossils  "  scarcely  admits  of  recognition. 

A.  trigintiJiAria  Conr.  (Anadara).  8.  Car. 

Proc.  A.  N.  8.,  1863,  p.  289,  as  Anomalocardia. 

Area  Americana^  A,  Carolinensis^  A,  incongrua,  A*  lienosa, 
A.  pexata^  A.  ponderom^  and  A.  transversa  occur  in  the  post- 
Pliocene  deposits;  A.  calata  is  also  reported  from  the  South 
Carolina  deposits  of  that  age  by  F.  S.  Holmes. 
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NOYXMBSB  1,  1881. 

The  President,  Dr.  Ruschjenbebosb,  in  the  chair. 
Thirty-four  persons  present. 

Color  in  Autumn  Leaves. — Mr.  TnoBfAS  Meehan  referred  to  an 
excursion  to  the  Salt  Marshes  of  New  Jersey,  organized  by  a 
member  of  the  Academy,  Mr.  Isaac  C.  Martindale,  and  generously 
seconded  by  the  Camden  and  Atlantic  Railroad  Company,  which 
furnished  a  special  train  of  twelve  cars  for  the  company,  with  the 
privilege  of  stopping  along  the  road  at  interesting  botanical  points. 
This  gave  unusual  oppoitunity  to  examine  the  vegetation  of  the 
Salt  Marshes,  which,  at  this  season  of  the  year  presented  a  scene 
of  colored  beauty  unequaled  perhaps  in  the  whole  world. 

Mr.  Meehan  remarked  that  the  vegetation  which  for  the  most 
part  made  up  this  flora,  was  either  precisely  the  same  as  those 
which  entered  into  the  flora  of  similar  localities  in  western  Europe, 
or  else  of  species  so  closely  allied  that  only  critical  examination 
would  show  the  distinction.  The  plant  which  gave  the  greatest 
brilliancy,  chiefly  on  account  of  its  numerical  proportions,  was 
Salicomia  herbacea,  the  same  plant  which  abounds  along  European 
shores.  To  the  rich  rosy  red  of  this  species  SalicoTmia  mucronata 
(of  Bigelow,  S.  Virginica  of  most  authors)  added  a  rosy  brown. 
Although  this  species  is  American  there  are  forms  of  S.  herbcLcea 
on  the  English  coast,  which  approach  it.  The  third  species  is  8. 
ambigua  of  Michaux,  a  perennial  species,  and  the  analogue  of  the 
British  S.  radicans.  This  one  never  changes  \U  bright  green 
color  till  severe  frost  destroys  it.  The  lively  green  very  much 
enlivens  the  brilliancy  of  the  orange,  red  and  brown  in  the  other 
marsh  plants.  The  species  precisely  the  same  with  those  of  En- 
gland which  gave  color  to  the  marshes  besides  these  Salicomias 
were  Salsola  Kali,  Sumda  maritima,  Atriplex  patula^  Polygonum 
maritinum,  Spar  Una  atricta,  Spartina  juncea,  and  Ammophila 
arenaria — the  three  last  grasses  which  add  much  by  their  light 
browns  to  the  richness  of  the  whole.  Statice  Limonium^  by  its 
faded  blue-gray  tint,  gave  a  peculiar  element  to  the  color.  Aster 
fiexuosus^  closely  related  to  Aster  Tripolium  of  European  marshes 
furnished  a  tint  of  purple-green.  So  far  as  could  be  observed  of 
the  many  other  species  of  plants  which  might  be  collected,  these 
were  the  only  ones  giving  character  to  the  beautifully  colored 
picture  the  marshes  presented  at  this  time. 

The  most  interesting  inquiry  here  presents  itself — Why  should 
plants  common  in  the  main  to  both  continents,  color  so  much 
more  brightly  in  America  than  in  Europe  ?  We  are  reminded 
that  what  we  see  here  in  these  marsh  plants,  does  not  hold  good 
with  close  allies  in  other  species.  Among  trees  and  shrubs  there 
are  some  peculiar  to  each  country,  but  closely  allied,  in  which  all 
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the  American  allies  oolor,  while  the  Earopean  rarely  do.  He 
named  on  the  American  side,  Betula  populifolia^  Fraxinus  sambuci- 
foliay  Quercus  tUba^  CraUegus  cardata,  Ulmus  Americana^  Alnita 
serruUUa,  Castanea  Americana,  as  against  Betula  alba,  Fraxinus 
exceUior^  Quercus  Eobur,  Crataegus  oxyacani?ia,  Ulmus  cam- 
peslris,  Alnus  glutinosa  and  Castanea  vesca.  The  whole  Ameri- 
can line  had  aatamn  coloring,  of  which  the  parallel  European 
line  was  wholly  destitute.  These  trees  did  not  lose  this  character- 
istic by  removal  to  the  other  continent.  In  America  there  were 
many  of  the  European  species  five  or  ten  generations  fW>m  seed, 
and  yet  these  last  generations  showed  no  more  disposition  to 
embrace  the  color  characteristics  of  their  American  cousins, 
than  did  the  first  progenitor  brought  from  abroad.  We  were 
so  accustomed  to  associate  our  bright  clear  autumn  skies  with 
the  color  of  our  autumn  foliage,  that  facts  like  these  stagger  us. 
Why  should  several  generations  of  these  European  trees  resist 
our  climatal  infiuences  ?  But  we  have  to  remember  that  the  color- 
ing of  fruits  and  foliage  is  not  wholly  the  result  of  chemical  power ; 
what  for  want  of  a  better  name  we  know  as  vital  power,  claims 
a  share. 

Some  apples  have  color  on  the  sunny  side,  while  the  rosy  cheek 
never  appears  on  those  of  the  same  variety  hidden  by  the  foliage, 
and  in  these  cases  it  is  self-evident  sunlight  is  a  cause  of  color. 
Yet  if  we  pluck  such  a  variety  from  the  tree,  and  place  it  in  the 
sunlight,  it  will  not  color,  so  that  we  see  here  that  there  must  be 
a  connection  with  the  living  principle  in  the  tree  to  enable  the 
solar  rays  to  act.     Yet  it  requires  a  relaxation  of  the  leaf's  hold 
on  life  to  bring  out  these  colors.     At  any  time  during  the  summer, 
a  maturing  leaf  on  an  American  tree  exhibits  bright  color — ^yet  it 
a  dying  leaf  half-colored,  be  plucked  from  the  parent  stem,  there 
is  no  further  change  in  the  tint.    Many  leaves  pass  through  grades, 
as  green,  light  yellow,  orange,  brown,  to  scarlet.     If  they  are 
gathered  at  yellow  or  brown,  they  remain  yellow  or  brown,  and 
so  on  all  through  these  stages.     Coloring  therefore,  could  not 
wholly  be  considered  chemically,  for  though  decay,  which  we  take 
to  be  a  chemical  action,  is  going  on  during  the  coloring  stage, 
complete  separation  from  the  living  tree  at  once  stops  the  process. 
If  we  consider  these  two  facts  together,  and  then  some  other 
known  natural  laws,  we  may  form  some  reasonable  hypothesis. 
There  is,  for  instance,  the  principle  of  heredity,  so  ably  insisted 
on  by  Mr.  Darwin,  in  connection  with  all  living  things.     A  force 
once  applied  to  an  object,  exerts  an  infiuence  after  the  power  has 
been  removed.    A  wheel  runs  round,  after  the  hand  which  turns 
it  is  taken  away,  and  a  change  in  a  plant  brought  about  by  any 
circumstance  will  continue  in  connection  with  that  plant  some 
generations  after  the  circumstances  have  ceased  to  exist.     That 
this  is  so  has  been  proved  by  Naudln  with  hybrid,  or  perhaps  we 
should  say  crossed,  lettuces,  and  in  other  ways.     Supposing  then 
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these  closely  allied  species  to  have  been  originally  of  one  parent- 
age, how  did  the  power  in  one  case  to  change  to  bright  color,  or 
in  the  other  to  resist  the  tendency  to  color,  originate  T  If  by 
chemical  power  alone,  it  would  occur  at  once,  as  a  piece  of  white 
wood  is  at  once  browned  by  flre,  but  with  the  vital  principle 
opposed  to  this  chemically  destructive  principle,  it  would  take 
more  time  to  accomplish  this  change;  and  the  change, once  made, 
would  again  require  more  time  to  again  alter  the  fixed  condition. 
This  is  essentially  the  foundation  of  the  law  of  heredity,  and  under 
its  operation  we  could  not  reasonably  look  for  a  change  in  the  color- 
ing power  of  these  Europ>ean  trees  although  light  were  an  active 
agent,  under  even  more  than  five  or  ten  inherit^  generations. 

At  any  rate  we  have  in  these  salt-marsh  plants  the  evidence  that 
the  plants  of  one  country,  in  that  country  colorless,  can  be  made 
to  take  the  most  brilliant  colors  when  growing  in  ours.  That 
these  plants  had  one  primary  origin  is  certain,  though  the  ancestry 
may  have  been  separated  by  thousands  of  years.  We  know  that 
plants  introduced  at  once  do  not  change  at  once— heredity  forbids 
it.  We  may  assume  therefore  that  it  was  only  after  some  genera- 
tions on  the  American  coast,  under  the  influence  perhaps  of 
American  light,  that  these  European  plants  showed  their  Ameri- 
can colors.  We  can  see  in  these  annual  plants,  with  a  new  gener- 
ation every  year,  the  results  in  numerous  generations,  as  we 
cannot  see  in  the  slower  reproducing  tree. 

Mr.  Meehan  thought  that  though  we  could  not  say  we  had  yet 
reached  an  unchallengeable  solution  of  the  cause  of  autumn  color 
in  American  foliage,  considerations  like  these  brought  us  nearer 
to  the  end. 


November  8. 
The  President,  Dr.  Ruschenbeboeb,  in  the  chair. 
Twenty-six  persons  present. 

On  Movements  and  Paralysis  in  the  Leaves  of  Robinia. Mr. 

Thomas  Meehan  said  that  an  inquiry  of  Prof.  Sargent  for  a  trunk 
of  Rohinia  viscosa  for  the  National  Forestry  Census,  had  led  him 
to  look  closely  into  the  history  of  Rohinia  in  general,  with  some 
interesting  results. 

Though  our  text-books  gave  "  Virginia  and  Southwards  "  as 
the  native  location  of  the  tree,  no  one  seems  to  have  collected  it 
of  late  years.  Indeed  herbarium  specimens  generally  seemed  to 
be  from  cultivated  plants,  and  he  could  find  nowhere  direct 
evidence  that  it  had  ever  been  found  wild  by  any  botanist  since 
its  original  discovery  by  Wm.  Bartram,  as  we  learn  from  his 
"  Travels,"  and  Michaux,  as  recorded  by  Yent6nat  in  his  "  Plants 
of  the  Garden  of  Gels,"  towards  the  end  of  the  last  century.     In 
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northeastern  Pennsylvania  and  contiguous  parts  of  New  Jersey 
he  had  seen  it  the  past  season,  in  a  number  of  places  in  gardens, 
and  in  most  cases  it  was  stated  that  the  plants  had  originally  been 
obtained  from  almost  inaccessible  places  on  the  high  hills  of  that 
part  of  the  country.  The  fact  that  in  these  remote  places  trees 
from  the  distant  nurseries  arc  seldom  obtained,  together  with  the 
Ikct  that  the  plant  is  not  now  nor  probably  has  been  for  many 
years  cultivated  in  American  nurseries,  makes  it  possible  that  the 
reports  are  true,  and  the  plant  may  be  found  in  the  spurs  of  the 
higher  Allegheny  range.  The  highly  viscose  character  of  this 
species  is  interesting.  The  excretory  glands  are  low  and  broad, 
with  a  crater-like  mouth,  from  which  the  sticky  matter  flows,  and 
soon  covers  the  stem  as  with  a  thick  coat  of  varnish.  The  viscid 
strength  was  such  that  in  some  instances  the  mere  contact  with  a 
lead-pencil  was  sufficient  to  draw  a  branch  towards  the  person 
pulling  it.  So  many  plants  with  viscid  secretions  have  insects 
found  adhering  to  the  sticky  matter,  that  it  has  been  shrewdly 
suspected  the  secretion  in  such  cases  is  a  design  for  entrapping 
insects,  from  which  the  plant  perhaps  obtains  a  better  supply  of 
nitrogen  than  in  the  ordinary  manner  through  the  atmosphere. 
In  the  case  of  this  clammy  locust  no  insect  was  found  adhering, 
though  it  would  seem  probable  that  some  few,  by  blind  accident, 
at  least,  ought  to  have  been  found  there.  For  what  purpose  in 
the  economy  of  the  plant  this  secretion  is  formed,  cannot  be 
conjectured.  From  this  view  of  individual  benefit  alone  to  the 
plant,  or  to  the  race,  the  secretion  seemed  an  enormous  waste  of 
nutritive  iK)wer.  This  waste  seemed  even  more  conspicuous  in 
the  inflorescence.  It  was  too  early  to  judge  of  the  amount  of 
seed  the  plants  would  produce;  but  mtLuy  flowers  had  fallen, 
leaving  no  ovarium  behind  in  a  single  instance.  There  were  no 
indications  that  a  solitary  seed-vessel  would  result  from  all  the 
flowers  which  had  expanded  up  to  that  time ;  and  if  any  seed 
perfected,  they  would  have  to  be  from  a  few  of  the  later  flowers. 
In  any  event,  the  amount  of  waste  material  in  the  barren  flowers 
was  enormous. 

Here  it  was  remembered  that  a  belief  widely  prevails  which 
regards  flowers  and  insects  as  having  been  interadapted  to  each 
other.  It  is  believed  not  onlv  that  flowers  are  often  to  be  cross- 
fertilized  by  insects  before  they  can  perfect  seed,  but  that  special 
insects  are  adapted  to  certain  plants,  which  in  the  absence  of 
these  special  insects  remained  barren.  An  ally  of  this  clammy 
Robinia,  Bobinia  hispida^  has  been  under  culture  in  America  and 
Europe  for  a  great  many  years;  but  the  speaker  said  he  had 
never  seen  nor  knew  of  any  one  who  had  seen  a  single  seed-vessel 
from  any  garden  plant.  He  had  come  to  believe  it  probable  that 
some  special  insect,  adapted  to  the  pollinization  of  this  plant, 
existed  in  the  native  place  of  growth  of  this  species,  but  which 
insect  had  not  followed  the  plant  in  its  artificial  distribution  over 
the  earth.    This  season  he  had  found  the  plant,  for  the  first  time 
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in  his  botanical  explorations,  on  the  top  of  Lookout  Mountain  in 
Tennessee;  but  there,  as  under  cultivation,  he  failed  to  see  a 
single  seed-vessel.  He  had  been  asked  since,  by  a  distinguished 
Belgian  scientific  gentleman,  whether  he  noted  any  plants  among 
the  others  which  indicated  a  possibility  of  being  recent  seedlings. 
It  had  not  occurred  to  him  to  look  especially  for  these ;  but  they 
would  in  all  probability  have  been  noticed  if  they  had  been 
present.  He  said  it  was  not  to  be  inferred  that  because  neither 
he  nor  othera  had  found  seed,  the  plant  never  produced  them. 
Experience  with  many  other  plants  showed  that  they  might  be 
barren  for  years,  and  then  become  suddenly  fertile.  It  was  more 
than  probable  that  long  in  the  past  these  species  were  seminally 
fertile, perhaps  capable  of  self-fertilization,  and  that  the  infertili^ 
of  the  flowers  is  a  modem  imbecility,  which,  as  indicated  in  his 
Detroit  paper  before  the  American  Association  for  the  Advancement 
of  Science,  is  the  general  concomitant  of  a  species  which  has  almost 
run  its  race.  That  these  two  species  rarely  produced  seeds  in 
modem  times  might  be  inferred  from  the  fact,  that  though  both 
were  very  fertile  in  suckers,  they  were  certainly  limited  to  very 
few  locations.  If  with  the  power  of  producing  seed  to  any 
considerable  extent,  they  would  soon  spread  over  wide  areas.  If 
they  had  been  deprived  of  the  power  of  producing  seed  in  very 
far  away  ages,  by  the  power  of  suckering  alone  they  would 
have  been  more  widespread  than  they  are.  There  seems  to  be  no 
other  logical  conclusion  than  that  the  plants  once  seeded  freely ; 
but  that  this  power  must  have  been  long  lost,  to  account  for  the 
comparative  limited  areas  to  which  the  species  are  now  confined. 

Perhaps  the  most  interesting  new  facts  noted  are  those  connected 
with  the  motion  of  the  leaves  in  the  two  species  named,  as  well 
as  in  Bobinia  pseudacacta^  though  the  most  strongly  marked  in 
Robinia  hispida.  There  is  a  diurnal  as  well  as  a  nocturnal  motion, 
ea(*.h  in  a  separate  direction.  At  a  few  hours  before  sundown, 
each  pair  of  pinnae  are  perfectly  horizontal.  The  entire  leaf  is 
perfectly  flat.  With  sundown  the  leaflets  begin  to  droop,  till,  by 
dark,  they  are  perfectly  pendent,  the  under  surface  of  each  leaflet 
almost  touching  the  under  surface  of  the  leaflet  opposite  to  it. 
With  the  advent  of  morning,  the  leaflets  arise ;  and  soon  after  sun- 
rise, the  whole  leaf  is  flat,  as  just  before  sundown,  but  they  continue 
to  rise,  till,  by  noon,  the  opposite  leaflets  have  met  above  the 
common  petiole,  almost  touching  each  other  by  their  upper 
surfaces  at  midday,  as  they  nearly  touch  by  their  lower  surfaces 
by  night.  In  other  words,  instead  of  traveling  ninety  degrees,  as 
do  other  plants  the  leaves  of  which  ^*  sleep  "  at  night,  these  leaflets 
make  a  daily  circuit  of  one  hundred  and  eighty  degrees. 

Besides  these  novel  facts,  Mr.  Meehan  noticed  what  he  could 
not  but  regard  as  a  case  of  paralysis.  About  the  middle  of 
September,  he  noticed  a  sucker  from  one  of  his  plants,  which  had 
finished  its  growth  for  the  season  after  having  made  about  a  dozen 
nodes.    While  at  midday  the  leaflets  were  erect,  three  leaves  had 
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all  their  leaflets  drooping  as  at  night.  How  long  they  may  have 
been  in  this  condition  before  being  noticed  is  not  known,  but  they 
continued  in  that  ^^  sleeping  "  condition  till  this  date  (November  7), 
the  others  having  gone  through  their  motions  daily  till  now. 
During  the  last  few  days,  however,  the  thermometer  having  onoe 
been  nearly  down  to  freezing  i>oint,  only  the  two  or  three  upper 
pinnules  on  the  leaves  have  retained  the  power  to  move.  The 
paralyzed  leaves  were  in  every  respect  as  healthy  looking  as  the 
others,  but  they  were,  all  three,  somewhat  smaller.  If  these  had 
been  all  together  at  the  lower  or  upper  end  of  the  branch,  the 
peculiarity  might  have  been  referred  to  some  cause  connected 
with  maturity ;  but  the  first  paralyzed  leaf  was  the  third  from  the 
top,  the  next  the  fifth,  and  the  other  the  sixth;  that  is  to  say, 
there  were  leaves  with  perfect  motile  functions  above  and  below 
these,  as  well  as  one  among  the  three.  Though  for  the  six  weeks, 
at  least,  they  had  lost  the  power  of  motion,  the  color  and  general 
healthy  app>earance  of  the  leaves  were  precisely  the  same  as  the 
others.  There  was  no  difference  whatever  except  in  the  length 
of  the  common  petiole  and  size  of  the  leaves.  They  were  about 
three-fourths  the  ordinary  size.  The  upward  movement  of  the 
pinnules  in  this  species  is  confined  to  those  exposed  to  the  sun- 
light ;  those  shaded  by  even  their  own  foliage  have  not  the  power. 
Mr.  Meehan  had  previously  called  the  attention  of  the  Academy 
to  the  fact  that  a  large  number  of  plants  draw  the  upper  surface 
of  the  leaf  together  in  bright  light,  as  illustrations  of  which  he 
mentioned  now:  Halesia  tetraptera,  CornuB  florida^  Camus  maa 
and  Magnolia  acuminata. 


NOVBMBKB  15. 

The  President,  Dr.  Rubchenbebosb,  in  the  chair. 
Thirty-one  persons  present. 


NoVfiMBBB  22. 

The  President,  Dr.  Ruschenbbboeb,  in  the  chair. 

Twenty-nine  pereons  present. 

A  paper  entitled  *^  On  a  foetal  Kangaroo  and  its  Membranes," 
by  Henry  C.  Chapman,  M.  D.,  was  presented  for  publication. 

The  death  of  the  Rev.  Z.  M.  Humphrey,  a  correspondent,  was 
announced. 
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NOVIBIBSB  29. 

Dr.  R.  S.  Eenderdine  in  the  chair. 

Thirty-one  persons  present. 

The  special  business  of  the  meeting  being  the  nomination  of 
officers,  councillors  and  members  of  the  Finance  Committee,  a 
letter  from  Dr.  W.  S.  W.  Ruschenberger  was  read,  declining  to 
be  a  candidate  for  re-election  to  the  office  of  President,  whereupon 
a  committee,  consisting  of  Messrs.  Isaac  C.  Martindale,  S.  R. 
Roberts  and  J.  H.  Redfield,  was  appointed  to  prepare  a  suitable 
expression  of  the  Academy's  appreciation  of  Dr.  Rnschenberger's 
services  to  the  society. 


December  6. 
Mr.  Thos.  Meehan,  Vice-President,  in  the  chair. 
Thirty-six  persons  present. 

The  geniLS  Carterella  vs.  Spongiophaga  Pottsi. — ^Mr.  Edward 
Potts  referred  to  a  paper  (On  Spongiophaga  Pottsi  n.  sp.,  Ann. 
and  Mag.  of  Nat.  Hist.,  Nov.,  1881)  by  H.  J.  Carter,  P.  R.  S.,  etc., 
in  which  that  eminent  scientist  gives  an  interpretation,  differing 
from  his  own,  of  the  statosphere  tendrils  which  form  the  char- 
acteristic feature  of  the  new  genus  of  fresh-water  sponges  to 
which  Mr.  Carter's  name  had  been  attached  in  recognition  of  his 
very  distinguished  services.  He  wished  to  consider  the  subject 
entirely  apart  from  its  personal  relation  to  themselves ;  and  only 
as  it  concerned  the  stability  of  a  genus,  in  which,  as  he  claimed, 
for  the  first  time  in  the  history  of  fresh-water  sjyonges,  these 
tendrils  had  been  noticed  as  distinctive  features. 

He  then,  at  some  length,  gave  his  reasons  why  we  should  not 
accept  Mr.  Carter's  theory  of  the  parasitic  nature  of  these  tendrils 
or  filaments ;  saying,  that  of  the  two  points  in  the  paper  most 
likely  to  impress  a  student  who  had  not  seen  specimens  of  the 
genus  referred  to,  or  one  un&miliar  with  the  general  subject,  the 
first  was  founded  upon  certain  appearances  represented  in  figure 
2  of  Mr.  Carter's  plate.  This  figure  shows  an  *^  axial  canal " 
through  the  centre  of  the  filament,  widening  into  the  "  tubular 
prolongation  from  the  process  of  the  chitinous  coat "  of  the  stato- 
sphere and  representing  the  supposable  digestive  tract  of  the 
animal  parasite. 

As  after  repeated  and  very  careful  examination  of  numerous 
specimens,  both  in  a  fresh  condition  and  after  being  subjected  to 
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different  methods  of  preparation,  he  had  failed  entirely  to  meet 
with  an  instance  showing  similar  appearances,  he  referred  speci- 
mens of  all  three  species  of  the  genus  to  Prof.  Jos.  Leidy,  whose 
fame  as  an  accurate  observer  is  world-wide ;  to  Mr.  Jno.  A.  Ryder, 
and  to   Prof.   Kellicott  and   Mr.  Henry   Mills  of  Buffalo,  the 
discoverers  of  one  of  the  above  species.     The  efforts  of  these 
gentlemen  were  equally  unsuccessful,  their  opinion   being  well 
expressed  in  Prof.  Leidy's  words,  **  In  my  mind  there  can  be  no 
question  as  to  tlie  tendrils  being  part  of  the  structure  of  the 
statoblast,  and  their  parasitic  nature  would  never  have  occurred 
to  me."    "  The  tendrils  are  homogeneous  extensions  of  the  inner 
capsule  of  the  statoblast  and  I  see  no  trace  of  the  appearance  to 
which  you  refer  in  Carter's  figure  2."    A  paragraph  from  the 
letter  of  Prof.  Kellicott  makes  a  further  point.     These  processes 
"are  not  found  on  the  statoblasts  of  any  other  species  in  the 
Niagara  River ;  I  have  examined  hundreds  of  the  statoblasts  of 
Carterella  tubispermay  and  have  not  found  one  without  said  tube. 
I  brought  some  of  these,  having  wintered  in  the  river,  to  my 
room  last  May ;  after  a  few  days,  there  was  sponge  growth ;  so 
this  form  if  a  parasite  did  not  destroy  the  life,  etc." 

The  second  point  made  by  Mr.  Carter  was  that  the  species 
marked  C.  tubinperma  from  Buffalo,  was  identical,  as  shown  by  its 
spiculation,  with  one  marked  Heteromeyenia  repens  from  Lehigh 
Gap,  Pa-     That  one  of  these  identical  species  should  exhibit  the 
tubular  prolongation  and  accompanying  tendrils,  while  the  other 
did  not,  was  considered  presumptive  evidence  that  the  former  was 
affected  in  some  abnormal  wav.     To  this  Mr.  Potts  answered,  that 
while  there  was  unquestionably  much  similarity  in  shape  of  the 
birotulate  spicules  of  the  two  sponges,  covering  the  "  seed  bodies  " 
in  the  ordinary  fashion  as  a  second  or  outer  coat,  the  Lehigh  Gap 
species  alone  exhibited  the  second  class  of  long  birotulates,  inter-^ 
spersed  with  the  others,  which  had  induced  him  to  place  it  in  the' 
genus  Heteromeyenia,     For  this  reason  he  believed  the  species 
were  not  identical,  and  this  argument  fails. 

In  continuation  he  reasoned  that  it  should  not  be  considered  a 
matter  of  surprise  that  the  statospheres  of  some  genera  pertaining 
to  the  family  of  fresh-water  sponges,  should  present  tentative 
features  of  this  character.     In  a  paper  published  so  long  ago  as 
1859,  Mr.  Carter  called  attention  to  the  resemblance  in  appearance 
and  function  between  the  statoblasts  of   the  Polyzoa  and  the 
so-called  **  seed  bodies ''  of  Spongilla.    The  parallelism  is  rendered 
more  complete  when  we  observe  that  in  those  forms  of  Polyzoa 
possessing  a  comparatively  rigid  octocyst,  the  statoblasts    are 
circular  or  lenticular  with  smooth  margins.     Some  of  these  are 
no  doubt  washed  out  from  the  tubular  body  from  time  to  time 
during  the  winter,  to  extend  the  species  to  other  places ;  while 
enough  are  retained  by  it  to  renew  the  growth  in  the  original 
locality.     On  the  other  hand,  where  the  body  mass  is  simply 
gelatinous,  as  in  Fectinatella,  Cristaiella^  etc.,  decaying  away  and 
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releasing  the  statoblasts  on  the  first  approach  of  winter,  these  are 
provided  with  either  a  single  row  or  a  more  complicated  series  of 
marginal  tentacular  hooks,  by  which  they  become  matted  together, 
entangled  with  roots,  stems,  etc.,  or  held  to  rough  places  on  planks 
or  stones. 

The  same  relation  to  the  permanency  of  their  skeleton  structure 
we  find  existing  amongst  these  genera  and  species  of  ftresh-water 
sponges.  The  statospheres  of  nearly  all  species  are  provided 
with  some  arrangement  for  protection  and  retention.  These  vary 
greatly  in  kind  and  degree,  inversely  according  to  the  protection 
afforded  them  by  the  surrounding  skeleton.  Perhaps  the  lowest 
in  the  series  in  this  regard  is  Meyenia  Leidyi.  This  is  a  thin 
encrusting  sponge ;  the  skeleton  spiculae  stout  and  firmly  matted 
together ;  maintaining  the  position  and  form  of  the  mass  through- 
out the  year.  The  statospheres  are  formed  in  the  autumn  in  the 
lowest  parts  of  the  sponge,  within  special  capsules  formed  by 
interlacing  spiculae.  It  is  hardly  possible  these  should  wash  away, 
and  accordingly  we  find  no  means  provided  peculiar  to  themselves 
for  detaining  them.  Their  armor  consists  of  a  closely  laid  series 
of  birotulate  spiculae  with  entire  margins,  excellent  as  a  shield 
but  hopelessly  useless  as  a  means  of  retention.  On  the  other 
hand  no  apparent  means  of  diffusion  are  provided,  and  as  a  con- 
sequence the  species  seems  to  be  extremely  local ;  none  having 
been  noticed  except  in  the  stream  where  the  first  specimen  was 
gathered,  and  within  a  few  yards  of  the  probable  spot. 

Spongilla  fragilis  of  Leidy,when  seen  during  the  summer-time, 
nearly  resembles  in  form  the  above-mentioned  species ;  its  skeleton 
structure,  however,  is  much  more  fragile  and  is  frequently  detached 
and  washed  away,  leaving  a  uniform  series  of  statoblasts  standing 
side  by  side,  with  no  special  coating  of  spicules  for  each,  as  in 
most  other  species,  but  grouped  and  held  together  by  a  common 
coating  of  cellular  or  granular  matter,  covered  by  and  imbedding 
a  great  number  of  cylindrical  spined  spicules.  A  variety  of  this 
is  often  observed  (whether  it  differs  specifically  in  other  respects 
he  could  not  be  certain)  in  which  the  statospheres  are  segregated 
into  groups  of  four  or  more,  spherically  enclosed  in  a  similar 
coating,  thus  appearing, like  one  large  seed.  While  the  statoblasts 
of  the  former  arrangement  retain  their  positions  during  the  winter 
and  germinate  there  in  the  spring,  it  may  be  that  this  is  a  character 
assumed  for  difiUsive  propagation. 

In  Spongilla  lacustris  and  similar  branching  sponges,  the  appar- 
ently confiicting  ends  of  retention  and  diflbsion  are  attained  in  a 
different  way.  The  *^  seed  "  are  formed  in  the  interstices  of  both 
the  sessile  and  the  branching  portions.  In  the  former  they  are 
retained  during  the  winter,  partially  by  the  agency  of  recurved 
spines  upon  the  acerates  projecting  from  the  seed  coat;  while  the 
fragile  branches  soon  break  off  and  float  their  contained  stato- 
spheres to  distant  parts. 

The  massive  sessile  character  of  many  sponges,  repeated  through 
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various  forms  of  Sptrngilla  and  Meyenia,  partially  protects  their 
statospheres  from  the  accidents  of  the  winter  season,  and  when  that 
protection  fails  them,  the  rays  of  the  birotulate  spicules  of  the 
latter  and  the  curved  acerates  of  the  former,  come  in  play  to 
retain  a  sulHcient  number  until  the  time  of  germination  in  the 
spring. 

Three  species  of  American  sponges  have  been  grouped  under 
the  generic  name  Heteromeyenia^  characterized  by  the  presence 
of  a  second  form  of  birotulate  spicules  interspersed  amongst  the 
more  familiar  series.  These  are  about  double  the  length  of  the 
former  and  are  terminated  by  long  recurved  hooks.  The  frame- 
work of  two  of  these  species  is  altogether  filmy  and  fugitive ;  the 
statospheres  are  not  held  within  the  interspaces  of  the  skeleton 
or  retained  in  any  other  waj-,  and  are  therefore  dependent  upon 
the  above  hooks  for  their  attachment  to  proper  bases  for  future 
growth. 

Completing  the  series  of  retentive  agencies  we  find  the  stato- 
spheres of  the  three  species  of  tlie  disputed  genus  Carierella 
provided,  in  addition  to  their  birotulate  spicules,  with  long  curling 
or  twisting  tendrils,  extensions,  as  we  have  heard,  of  the  tough 
chitinous  coat.  These  are  required  to  meet  the  emergency  occa- 
sioned by  the  looseness  of  their  skeleton  texture,  from  which  the 
sarcode  flesh  dying  early  washes  away,  most  of  the  spicules  soon 
following  in  the  winter  floods.  The  eggs  are  thus  left  to  the  i)ro- 
tection  of  the  above  tendrils  which  lap  them  together,  bind  them 
to  the  remaining  spicules  or  the  roots  of  water  weeds  or  shore 
plants ;  or,  assuming  the  role  of  the  hair  the  plasterer  uses,  bind 
the  deposited  silt  about  them  and  both  to  the  stones,  where  they 
await  the  appointed  time  for  a  new  growth.  This  function  is  very 
clearly  shown  in  the  collection  in  Mr.  Potts'  possession,  and 
the  resemblance  in  material  structure  of  these  tendrils  to  that  of 
the  specialized  hooks  of  the  forms  of  Pol^'zoa  referred  to,  is  very 
striking.  He  ho])es  therefore,  that  as  both  analogy  and  observed 
facts  seem  to  indicate  the  correctness  of  his  position,  Mr.  Carter 
will  be  willing  to  accept  the  compliment  intended  and  which  is  so 
well  desen-ed. 


December  13. 
The  President,  Dr.  Rusouenberqer,  in  the  chair. 
Twenty -three  persons  present. 
The  death  of  Ami  Boiic^,  a  correspondent,  was  announced. 

PiloboluH  cryfifnUinus, — Mr.  Thomas  Meehan  remarked  that 
this  small  fungus  liad  proved  this  season  to  be  an  expensive 
annoyance  to  florists  engaged  in  winter  forcing  flowers.     Rose- 
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growers  especiall}'  had  found  it  to  interfere  seriously  with  their 
profits.  Tlie  injury  was  caused  by  the  projection  of  the  sporangia 
which  covered  the  flowers  and  leaves  of  the  roses  as  if  profusely 
dusted  with  black  pepper.  The  flowers  were  almost  unsaleable  as 
the  first  impression  was  that  the  black  dots  were  Aphides. 

Mr.  J.  B.  Ellis,  of  Newfield,  N,  J.,  to  whom  he  was  indebted  for 
the  identification  of  the  species,  had  informed  him  that  it  was 
somewhat  rare  in  that  vicinity.  In  the  greenhouses  referred  to 
they  were  in  immense  profusion,  the  conditions  of  growth  being 
probably  more  favorable.  Mr.  Meehan  described  the  growth  of 
the  plant  and  the  behavior  of  the  asci  in  the  generation  and  expul- 
sion of  the  sporangia,  which  corroborated  the  facts  detailed  in 
the  memoir  of  Eugene  Coemans,  published  in  1859  in  the  Bulletin 
of  the  Royal  Academy  of  Sciences  of  Brussels.  M.  Coemans 
found  the  plant  on  half-<lried  cow-droppings,  in  August,  and  in 
these  greenhouse  cases  it  was  also  growing  in  half-rotten  cow- 
manure  used  for  enriching  the  soil.  Mr,  Ellis  reports  that  it  is 
sometimes  found  on  other  manures,  and  so  may  be  less  rare  than 
supposed.  The  projection  of  the  sporangia  has  been  noted  by 
European  observers,  and  originated  Fore's  name  Pi7o6oZu«,  literally 
the  hat-  or  cap-thrower.  The  sporangia  appear  as  small  black 
caps  on  the  top  of  the  crystal-like  asci,  and  are  expelled  with  great 
force.  By  careful  measurements  they  were  found  to  be  thrown 
when  the  direction  was  perpendicular,  to  a  height  of  four  feet. 
Coemans  does  not  seem  satisfied  that  the  exact  process  has  been 
made  clear  by  which  this  remarkable  projection  is  effected.  It 
has  been  supposed  that  carbonic  acid  gas  is  generated,  which, 
distending  the  cysts,  causes  them  at  length  to  burst  at  the  thinnest 
part,  which  is  the  apex,  and  the  sporangia  are  then  blown  out  by 
the  gas,  as  would  be  a  cork  from  a  bottle  of  champagne.  Again 
Coemans  finds  a  double  membrane  to  the  asci,  and  believes  that 
by  the  agency  of  light  the  inner  membrane  contracts  in  a  different 
manner  to  the  outer,  and  that  the  projection  is  the  result  of  this 
peculiar  contraction.  Mr.  Meehan  observed  that  the  sporangia 
were  expelled  from  the  interior  of  the  asci  before  they  were  finall}** 
discharged,  and  that  they  were  always  projected  in  a  direct  line 
trom  the  centre,  which  would  hardly  be  the  case  if  a  mere  explo- 
sion of  gas  directed  the  movement.  One  large  rose-grower  had 
found,  that  sprinkling  the  surface  of  the  earth  under  the  rose 
plants  with  about  the  eighth  of  an  inch  of  dry  earth,  effectually 
allayed  the  projectile  annoyance. 


December  20.  * 

The  President,  Dr.  Ruschenberqer,  in  the  chair. 

Twenty-five  persons  present. 

The  deaths  of  Edw.  Taylor  and  Dr.  Isaac  I.  Hayes,  members, 
were  announced. 
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The  Committee,  appointed  Nov.  29th,  to  prepare  an  expression 
of  the  Academy's  appreciation  of  Dr.  Ruschenberger's  services 
to  the  society,  presented  the  following  report  which,  together  with 
the  resolutions- proposed,  was  unanimously  adopted  : — 

To  the  Academy  of  Natural  Sciences  of  Philadelphia : 

Your  Committee,  appointed  November  29th,  1881,  to  prepare 
and  report  at  a  future  meeting,  an  expression  of  the  Academy's 
appreciation  of  the  services  of  Dr.  W.  S.  W.  Ruschenberger,  who 
declines  a  re-election  to  the  office  of  President,  respectfully 
reports: 

Dr.  W.  S.  W.  Ruschenberger  was  elected  a  member  of  the 
Academy  of  Natural  Sciences  of  Philadelphia,  May.  1832,  and 
became  its  President,  December,  1869,  succeeding  Dr.  Isaac  Hays. 
He  has  been  re-elected  at  each  succeeding  annual  election,  hence 
he  has  occupied  this  position  for  an  unbroken  period  of  twelve 
years,  which,  with  one  exception,  is  the  longest  term  of  service  of 
any  President  of  the  Academy. 

When  the  project  for  the  erection  of  a  new  building  was  first 
proposed.  Dr.  Ruschenberger  manifested  so  much  interest  therein, 
that  when  on  the  14th  of  November,  1865,  a  committee  was 
appointed,  "  to  devise  methods  for  advancing  the  prosperity  and 
efficiency  of  the  Academy  by  the  erection  of  a  building  of  a  size 
suitable  to  contain  the  collections,"  he  was  by  unanimous  consent 
chosen  its  Chairman.  He  was  likewise  Chairman  of  the  Committee 
of  Forty,  appointed  December  26th,  1865,  for  the  purpose  of 
obtaining  the  funds  necessary  for  the  erection  of  a  new  building, 
and  also  was,  and  still  is.  Chairman  of  the  Board  of  Trustees  of 
the  Building  Fund,  organized  January  11th,  1867. 

From  the  inception  of  the  enterprise  to  its  consummation  in  the 
occupancy  of  the  new  building  by  the  Academy  in  1876,  Dr. 
Ruschenberger  constantly  gave  to  it  his  best  energies,  and  to  him 
more  than  to  anj'  other  man  the  Academy  owes  the  commodious 
building  which  it  now  occupies. 

There  were  times  when  many  members  of  the  Committee 
doubted  and  even  despaired  of  the  completion  of  their  service, , 
but  in  the  darkest  hours  Dr.  Ruschenberger  never  faltered  either 
in  faith  or  works,  but  with  his  quiet  persistent  force,  pushed  for- 
ward the  enterprise,  and  sustained  the  courage  of  his  associates. 
His  untiring  interest  in  the  welfare  of  the  Academy,  led  him 
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personally  to  sup>ervi8e  the  contracts  for  bailding,  and  to  inspect 
the  progress  of  the  work  almost  daily.  He  was  thos  able  to  Bave 
thousands  of  dollars  to  the  Trustees,  and  to  see  the  present  build- 
ing completed  at  a  cost  greatly  within  the  original  estimate. 
Those  only  who  were  associated  with  him  in  this  the  great  achieve- 
ment of  his  life,  can  rightly  value  the  courage,  patience,  devotion, 
indomitable  perseverance  and  ceaseless  activity  displayed  by  him 
throughout  the  entire  period. 

As  a  presiding  officer,  both  at  the  meetings  of  the  Academy 
and  in  the  Council,  his  extreme  punctuality,  dignity  of  manner, 
unfailing  courtesy  and  accurate  acquaintance  with  parliamentary 
usage  leading  to  prompt  decisions,  which  seldom  or  never  failed 
to  command  support,  have  increased  in  no  small  degree  the  debt 
of  gratitude  due  him  by  the  institution  which  he  has  served  so 
faithfully  and  well. 

Of  his  services  to  the  scientific  world  this  is  not  the  time  nor 
the  occasion  to  speak  in  detail,  but  suffice  it  to  say,  they  are  such 
as  have  been  long  and  widely  recognized. 

In  view  of  the  foregoing  recital  of  facts,  we  deem  it  every  way 
fitting  that  the  Academy  should  suitably  express  and  place  upon 
record,  its  grateful  sense  of  the  long  and  faithful  services  of  its 
retiring  President,  and  we  accordingly  propose  the  following 
resolutions  for  its  adoption  : 

Besolved,  That  the  thanks  of  this  Academy  be,  and  they  are 
herebv  tendered  to  Dr.  W.  S.  W.  Ruschenberoeb  for  the  eminent 
services  he  has  rendered  both  before  and  since  he  has  held  its 
honored  position  of  President. 

Resolved.  That  this  report,  and  these  resolutions  be  entered  in 
full  upon  the  minutes,  and  published  in  the  Proceedings,  and  that 
a  copy  thereof  suitably-  engrossed,  attested  by  the  Vice-Presidents 
and  Secretaries  of  the  Academy  be  presented  to  him. 

Isaac  C.  Mabtindale, 
John  H.  Redfield, 
S.  Raymobo)  Roberts, 
Philadelphia,  Dec,  20th,  1881.  Committee.  . 

Varying  Influence  of  Heat  on  Flower-buds  and  Leaf-buda. — 
Mr.  Thomas  Meehan  referred  to  specimens  of  Crataegus,  sent  by 
Mr.  Case,  of  Indiana,  on  which  the  sender  remarked  that  the  buds 
were  larger  through  the  winter  on  alternate  years — and  that  the 
plants  fiowered  freely  in  the  seasons  corresponding  with  those 
following  the  large  buds.    Mr.  Meehan  said,  that  though  it  must 
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be  within  the  knowledge  of  most  ob8er\'ers  that  on  the  recur- 
rence of  spring,  flower-buds  were  much  larger  than  leaf-buds  in 
the  same  species,  no  use  had  been  made  of  this  fact  in  physiolog- 
ical teaching  so  far  as  he  knew.  At  the  fall  of  the  leaf,  as  any 
one  might  see  in  the  peach,  cherry,  apple,  pear,  maple,  willows, 
poplars,  alders  and  numerous  others,  the  flower-buds  could  scarcely, 
if  at  all,  be  discerned  from  leaf-buds ;  but  by  spring  the  flower- 
buds  «ha(i  increased  to  double  their  autumn  size,  while  the  leaf-buds 
remained  exactly  the  same.  Whenever  the  thermometer  was  in 
ever  so  slight  a  degree  above  the  freezing  point,  the  flower-bud 
increased  in  size  during  the  winter.  The  leaf-bud  required  a 
higher  temperature  to  excite  it.  This  difference  in  excitability 
ought  to  be  of  value  in  explaining  some  biological  points. 


Deoimber  27. 

The  President,  Dr.  Rusohenberqer,  in  the  chair. 

Thirty-six  persons  present. 

The  death  of  Henry  Morris,  a  member,  was  announced. 

The  following  was  ordered  to  be  published : — 
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OK  A  FGETAL  KAHOABOO  AHD  ITS  KEXBBAinSS. 

BY   HENEY   C.   CHAPMAN,   M.D. 

Since  the  publication,  nearly  fifty  years  ago,  of  Prof.  Owen's 
invaluable  paper  *  "  On  the  Generation  of  the  Marsupial  Animals," 
in  which  the  foetal  Kangaroo  and  membranes  were  first  described, 
no  further  contribution  has  been  made  to  our  knowledge  of  this 
very  important  subject.  Indeed  some  naturalists  at  the  present 
day  seem  indisposed  to  accept  Prof.  Owen's  statement  that  there 
is  no  connection  in  the  Kangaroo  between  the  foetal  membrane 
and  the  uterus,  or,  in  other  words,  that  no  placenta  is  developed  ; 
and  that,  therefore,  the  division  of  the  mammalia  into  non-placental 
and  placental  is  not  a  valid  one.  Even  though  the  present 
communication  should  not  contain  anything  particularly  new,  I 
trust,  however,  that  it  will  not  be  received  without  interest,  if  for 
no  other  reason  than  that  it  comfirms  essentially  Prof.  Owen's 
descriptions. 

One  would  have  naturally  supposed  that,  during  the  past  half 
century,  among  all  the  Kangaroos  killed  in  Australia  and  op>ened 
in  various  zoological  gardens,  at  least  one  foetal  Kangaroo 
would  have  been  found.  As  a  matter  of  fact,  however,  this  does 
not  appear  to  have  been  the  case,  or,  at  least,  if  such  was  found, 
no  record  was  made  of  it.  Impressed  with  this  fact,  I  never 
failed  to  examine  the  generative  apparatus  in  the  female  Kangaroos 
which  died  from  time  to  time  in  the  Philadelphia  Zoological 
Garden,  with  the  hope  that  I  might  obtain  an  embryo.  In 
September,  1879,  I  was  successful,  finding  the  specimen  which 
forms  the  subject  of  the  present  communication,  and  to  which  I 
incidentally  alluded  in  a  previous  communication  to  the  Academy.' 

The  female  Kangaroo,  in  which  I  found  the  embryo,  was  a  fine 
example  of  the  Macropus  giganteus,  and  had  taken  the  male  about 
fourteen  days  before  its  death,  which  was  caused  by  injuries 
inflicted  upon  itself, due  to  a  fright  incident  to  the  boxing  the  animal 
for  shipment.  The  embryo,  PL  XX,  was,  therefore,  not  more  than 
fourteen  days  old.  On  opening  the  uterus  of  the  left  side,  which  was 
considerably  swollen,  the  embryo  Kangaroo  was  seen  through  the 

^  Philos.  Transact,  1834. 

*  Placenta  of  the  Elephant,  Journal  of  Acad.,  vol.  viii,  p.  6. 


1881.]  NATURAL   SCIENCES   OP  PHILADELPHIA.  469 

transparent  chorion.  The  chorion,  which  was  thickened  in  places, 
insinuated  itself  between  folds,  into  which  the  lining  membrane 
of  the  uterus  was  thrown.  The  chorion  was,  however,  entirely  free 
from  villi  or  villous  processes  of  any  kind,  and  was  i>erfeetly 
separable  in  its  entire  extent  from  the  uterine  surface.  Indeed 
it  was  readily  turned  out  of  the  uterus  intact.  On  opening  the 
chorion,  the  embryo  Kangaroo  was  seen  inclosed  in  a  very  delicate 
amnion,  which  was  easily  lacerated.  What  at  once  struck  me,  on 
opening  the  chorion,  was  the  large  size  of  the  umbilical  vesicle 
and  the  undeveloped  condition  of  the  allantois,  which,  though 
small,  was  undoubtedly  present,  consisting  of  a  pear-shaped 
vesicle  or  diverticulum  from  the  posterior  part  of  the  intestine. 
The  umbilical  vesicle  adhered  to  the  chorion  by  that  part  of  its 
surface  most  remote  from  the  umbilicus.  The  line  of  demarkation 
between  chorion  and  umbilical  vesicle  being  indicated  by  a  circular 
blood-vessel.  When  in  the  fresh  condition,  the  umbilical  vesicle 
was  seen  to  be  highly  vascular.  The  blood-vessels  that  ramified 
over  its  surface  consisted  of  two  veins  and  an  artery.  The  veins 
began  as  one  vessel  from  the  under  surface  of  the  liver,  which 
diverged  at  the  umbilicus  and  united  again  on  the  umbilical 
vesicle  as  a  terminal  or  marginal  vein,  i.  e.,  the  circular  vein  just 
referred  to,  and  which  indicated  the  line  of  contact  of  the  umbilical 
vesicle  with  the  chorion.  The  third  vessel  was  an  artery,  and 
through  the  mesenteric  could  be  traced  to  the  aorta.  These 
vessels  evidently  correspond  to  the  omphalo-mesenteric  or  vitelline 
veins  and  arteries  of  other  vertebrate  embryos  as  seen,  for 
example,  in  the  embryo  chick.  The  disposition  of  the  umbilical 
vesicle,  with  reference  to  the  chorion  (its  large  size  and  vascularity), 
reminded  me  also  very  much  of  the  rabbit  or  rodent  type  of 
development.  While,  as  we  have  just  seen,  the  umbilical  vesicle 
was  in  contact  with  the  chorion,  the  rudimentar}^  allantois,  on  the 
contrary,  hung  freely  by  its  pedicle  or  urachus  in  the  space 
between  the  amnion,  the  stem  of  the  umbilical  vesicle,  and  the 
chorion. 

When  the  allantois  was  first  examined,  there  could  be 
distinctly  seen  three  very  fine  vessels,  two  of  which  appeared  to 
come  from  the  aorta  and  corresponded  therefore  to  the  umbilical 
or  hypogastric  arteries  of  the  placental  mammals,  while  the 
remaining  vessel  I  considered  to  represent  the  umbilical  vein  of 
the  same.     The  small  size  of  the  allantois  and  the  rudimentary 
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condition  of  its  blood-vessels  taken  in  connection  with  the  length 
of  the  embryo  and  the  short  time  that  the  latter  remains  in  the 
uterus,  makes  it  impossible  for  me  to  think  that  in  the  Kangaroo 
a  placenta  is  ever  developed.  I  use  the  word  placenta  in  the 
sense  ordinarily  accepted,  meaning  a  structure  which  consists  of 
the  interlacing  of  the  allantoic  blood  vessels  with  those  of  the 
decidua  serotina  of  the  uterus,  that  is,  of  that  part  of  the  hyper- 
trophied  mucous  membrane  of  the  uterus  in  contact  with  the 
ovum.  Further,  that  while  the  umbilical  vessel  is  fused  through 
part  of  this  surface  with  the  chorion,  the  chorion  is  only  in  con- 
tact with  the  inner  surface  of  the  uterus,  not  adhering  to  it  in 
an}'  way.  The  disposition  of  these  membranes  in  the  Kangaroo 
embryo  is  therefore  different  from  the  so-called  placenta  of 
certain  Sharks,  which  consists  in  the  interlacing  of  the  omphalo- 
mesenteric blood-vessels  with  those  of  the  uterus.  This  structure 
in  the  Sharks,  though  called  a  placenta,  is  not  homologous  with 
the  mammalian  placenta,  this  consisting,  as  we  have  seen,  of  the 
allantoic  vessels  and  those  of  the  uterus.  The  Kangaroo  cannot 
be  said,  therefore,  to  have  a  placenta  in  either  sense  in  which  that 
word  is  used.  The  small  size  of  the  embryo  Kangaroo  at  birth, 
would  lead  me  to  suppose  that  it  drew  its  nourishment  from  the 
umbilical  vesicle  like  the  reptile  or  bird,  rather  than  from  the 
uterine  walls,  as  in  the  mammal.  If  the  uterus  does  contribute 
to  the  nourishment  of  the  fcetal  Kangaroo,  such  nutriment  must 
osmose  through  the  omphalo-mesenteric  vessels.  The  contact  of 
the  chorion  with  the  uterus,  however,  is  of  a  very  adventitous 
character.  The  embryo  Kangaroo  itself  measured  six-eighths 
of  an  inch  in  length  from  the  mouth  to  the  root  of  the  tail. 
The  latter  was  one-eighth  of  an  inch  long.  The  mouth  was 
open,  and  the  tongue,  though  large,  was  not  protruded.  The 
palpebral  folds  were  not  developed.  There  was  no  sign  of  an 
auricle.  Four  branchial  clefts  could  be  distinguished.  The 
anterior  extremities  were  well  developed ,  but  the  digits  had  not 
appeared.  The  posterior  extremities,  were  represented  only 
by  small  buds,  not  very  apparent  except  with  a  lens.  In- 
dications of  the  ribs  were  distinctly  visible.  The  membranous 
spinal  cord  could  be  seen ;  the  elements  of  the  vertebrae  being  as 
yet  ununited.  A  penis  was  visible  just  in  front  of  the  anus.  On 
the  supposition  that  the  theory  of  evolution  is  true,  one  would 
naturally  expect  to  find  forms  intermediate  in  their  structure  and 
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development  between  the  reptiles  and  birds  on  the  one  hand  and 
the  placental  mammalia  on  the  other.  As  is  well  known,  in  the 
structure  of  its  skeleton  and  generative  apparatus,  the  Ornitho- 
rynchus  resembles  very  closely  the  reptile  and  bird,  while,  as  we 
have  just  seen,  the  total  membranes  of  the  Kangaroo  recall  the 
corresponding  parts  in  the  reptilian-bird  type  and  foreshadow 
those  of  the  placental  mammal.  If  the  parts  in  question  have 
been  truthfully  described  and  correctly  interpreted  as  partly 
bridging  over  the  gap  between  the  non-placental  and  placental 
vertebrates,  they  supply  exactly  what  the  theory  of  evolution 
demands,  and  fhrnish,  therefore,  one  more  proof  of  the  truth  of 
that  doctrine.  • 
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The  following  reports  were  read  and  referred  to  the  Publication 
Committee : 


REPORT  OF  THE  PRESIDENT 

For  the  Year  ending  Navember  30 j  1881. 

It  is  a  pleasure  to  be  able  to  repeat  a  statement  made  last  year, 
that  the  Academy  "  remains  free  from  debt,"  a  very  important 
statement,  because  the  progress  of  the  society  is  largely  contin- 
gent on  the  condition  of  its  financial  affairs  and  the  stability  of  its 
pecuniary  resources. 

The  report  of  the  Treasurer,  William  C.  Henszey,  whose  prudent 
zeal  in  the  discharge  of  the  duties  of  his  office  entitles  him  to  the 
full  measure  of  our  thanks,  shows  that  the  finances  of  the  society 
are  in  a  sound  condition,  and  that  the  current  receipts  for  the  year 
somewhat  exceed  the  expenditures. 

The  receipts  from  all  sources  amount  to  $6959.20 

And  the  total  disbursements  to  6952.16 


Leaving  a  balance  of  7.04 

Even  under  this  unusually  favorable  condition,  observance  of 
close  economy  in  expenditures  is  still  essential,  as  it  ever  should 
be  under  all  circumstances,  to  keep  the  treasury  always  in  a  state 
to  meet  the  current  demands  against  it.  They  may  possibly  be 
greater  on  account  of  necessary  repairs  in  the  coming  than  in  the 
past  year.  The  exterior  wood-work  of  the  building  may  require 
painting  in  the  course  of  the  summer. 

The  treasurer's  statements  show  that  the  Publication  Fund,  the 
Thomas  B.  Wilson  Fund,  the  Elizabeth  Phyle  Stott  Fund,  the 
Isaac  Barton  Fund,  the  Charlotte  M.  Eckfeldt  Fund,  the  Joshua 
T.  Jeanes  Fund,  the  Jessup  Fund,  the  Life  Membership  Fund  and 
the  Maintenance  Fund  are  in  a  satisfactory  condition. 

More  than  a  thousand  dollars  of  the  income  of  the  I.  V. 
Williamson  Library  Fund  have  been  necessarily  diverted  from 
library  purposes  to  the  payment  of  expenses  to  secure  part  of  the 
property  from  which  the  income  is  derived.  Now  it  is  confidently 
believed  that  the  whole  of  the  receipts  of  the  fund,  which  have 
been  somewhat  increased,  may  be  appropriated  to  the  purchase 
of  books  in  accordance  with  the  intention  of  its  liberal  and 
benevolent  founder. 
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The  manufacture  of  the  Proceedings  and  Jouraal  of  the  Acad- 
emy has  cost  $1307.92.  The  return  to  the  treasury  on  account 
of  their  sale  is  $1124.09.  The  works  received  into  the  library  for 
them,  in  exchange,  from  297  societies  and  42  periodicals,  at  home 
and  abroad,  far  exceed  in  value  the  difference  between  the  cost  of 
manufacture  and  the  amount  of  money  received  on  account  of 
the  sale  of  the  Academy's  publications. 

The  hope,  entertained  at  the  close  of  the  last  year,  that  the 
Maintenance  Fund  might  be  considerably  increased  by  this  time, 
has  been  disappointed.  The  circumstances  which  led  to  the  effort 
to  raise  this  fund  have  not  changed.  The  enterprise  has  not  yet 
been  demonstrated  to  be  hopeless,  and  until  it  is,  should  not  be 
abandoned. 

The  aggregate  of  semi-annual  contributions  for  the  year  reported 
by  the  treasurer,  $1936,  suggests  that  it  is  desirable  to  augment 
the  number  of  members. 

Fees  for  admission  to  the  museum  amount  to  $421.30,  which  is 
less  than  a  janitor's  salary. 

Five  students  have  been  aided  from  the  Jessup  Fund  in  the 
course  of  the  year.  At  this  time  two  young  men  are  its  benefici- 
aries. The  advantages  of  this  fund  are  in  demand.  Many* are 
indebted  to  it  for  a  start  on  the  course  which  led  them  to  become 
naturalists  and  efficient  investigators.  An  increase  in  the  number 
of  such  scholarships  is  desirable.  Every  one  who  may  give  a 
sufficient  sum  to  yield  $250  annually,  to  aid  in  the  support  of  one 
student,  will  contribute  substantially  to  the  advancement  of 
knowledge,  and  at  the  same  time  erect  for  himself  a  continuously 
speaking  memorial,  more  enduring,  and  conspicuous  than  can  be 
formed  of  monumental  marble. 

To  encourage  the  study  of  natural  history  among  young  persons, 
the  Agassiz  Association  of  Natural  History,  a  juvenile  sociaty, 
was  granted,  Dec.  14,  1880,  the  use  of  the  library  room  on  alter- 
nate Wednesday  afternoons,  for  its  stated  meetings. 

The  use  of  the  library  room  was  given  to  a  board  of  examiners 
of  Harvard  University,  from  June  30  to  July  2,  inclusive,  for  the 
examination  of  candidates  for  admission  into  that  institution. 

Permission  to  visit  the  museum,  given  to  the  teachers  and  a 
limited  number  of  pupils  of  the  public  schools  in  1879,  has  been 
extended  to  them  through  the  year  1882. 
The  Legislature  of  the  State  did  not  accept  the  proposition  of 
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the  Academy  to  assume  the  custody  of  the  collections  of  the 
Second  Geological  Survey  of  Pennsylvania  and  display  them 
freely  to  the  public,  without  any  cost  whatever  to  the  treasury 
of  the  State.  The  proposition  was  approved  in  the  Senate  but 
not  in  the  House.  The  result  is  not  fortunate.  It  is  believed 
that  those  collections  cannot  be  held  anywhere  in  the  State 
more  profitably  to  the  public  generally  than  in  the  Academy; 
because,  located  under  the  same  roof  with  the  collections  of  the 
First  Qeological  Survey,  with  other  extensive  American  and 
European  collections,  and  also  with  a  full  and  appropriate  library 
of  reference,  they  could  be  readily  consulted  and  studied  apart, 
or  in  connection  comparatively  with  those  of  the  First  Geological 
Survey,  as  well  as  with  other  collections.  No  other  place  of 
deposit  promises  superior  or  equal  facilities  for  their  study. 

The  Curators  report  that  the  contents  of  the  museum  have  been 
carefully  inspected  and  that  they  are  in  good  condition.  Additions 
to  the  museum  during  the  year  not  recorded  in  other  reports  are 
mentioned. 

As  long  as  the  increase  of  the  museum  depends  upon  volun- 
tary gifts  alone,  there  is  no  reason  to  expect  that  it  wiU  ever  be 
complete  in  any  department,  or  as  a  whole  represent  the  natural 
history  of  the  day.  Explorations  of  new  regions  and  localities 
are  continuously  revealing  objects,  previously  unknown,  very  few 
of  which  find  their  way  into  our  cabinets. 

To  fill  gaps  which  exist  in  many  if  not  all  the  departments  and 
make  the  museum  perfect,  money  to  purchase  desiderata,  when 
opportunity  occurs,  is  necessary.  A  museum  ftmd,  yielding  from 
twelve  to  fifteen  hundred  dollars  a  year,  would  enable  the  curators, 
in  the  course  of  a  reasonably  short  time,  to  fill  gaps  in  various 
departments  and  procure  specimens  of  new  objects  whenever  they 
may  be  discovered,  and  to  furnish  new  materials  for  study  and 
investigation.  An  endowment  of  this  kind  would  do  for  the 
museum  what  the  I.  Y.  Williamson  Library  Fund  has  done  for  the 
library,  which  is  regarded  to  be  now  the  best  and  most  extensive, 
though  not  yet  complete,  library  of  natural  history  of  the  United 
States. 

The  rate  of  growth  of  the  library  during  the  past  year  has  been 
somewhat  lessened,  owing  to  a  temporary  diminution  of  the  income 
applicable  to  it,  as  already  mentioned.  According  to  the  report 
of  the  Librarian,  2tl9  additions  to  it  from  all  sources  have  been 
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made.    Reckoning  ten  pamphlets  to  the  volume,  he  estimates  that 
the  library  now  contains  29,485  volumes,  exclusive  of  duplicates. 

Many  of  the  works  consist  almost  entirely  of  dry  technical 
descriptions  of  objects,  and  are,  in  one  respect  at  least,  analogous 
to  dictionaries  or  encyclopaedias,  which  are  referred  to,  but  not 
read  from  beginning  to  end.  As  a  rule,  circulating  libraries  do 
not  lend  their  dictionaries,  nor  recent  numbers  of  periodicals  and 
serials. 

After  ample  experience  and  mature  consideration  of  the  subject 
in  all  its  relations,  the  Academy  determined  that  its  library,  like 
that  of  the  British  Museum,  should  be  maintained  as  a  library  of 
reference  onlj'-,  under  a  conviction  that  the  interests  of  students 
and  of  the  members  far  and  near  would  be,  on  the  whole,  promoted 
by  this  policy.  A  large  proportion  of  the  books  have  been  con- 
tributed on  condition  that  they  shall  not  be  loaned  for  use  outside 
of  the  building  on  any  pretense  whatever.  Even  if  the  Academy 
were  now  disposed  to  change  it  to  a  circulating  library,  it  cannot 
annul  the  conditions  upon  which  most  of  the  books  were  given 
and  accepted,  without  breach  of  trust.  It  is  not  likely  that  a 
majority  of  those  entitled  to  vote  here  will  ever  consent  that  the 
Academy  shall  merit  the  just  odium  of  such  action  merely  for  the 
sake  of  loaning  its  books. 

The  Recording  Secretary  reports  that  twenty  pai>ers  from 
twelve  authors  have  been  accepted  for  publication  in  the  Pro- 
ceedings ;  and  that  the  fourth  or  concluding  part  of  the  eighth 
quarto  volume  of  the  Journal  has  been  printed,  and  distributed  to 
subscribers  and  to  those  on  the  exchange  list. 

The  volume  of  Proceedings  of  1881  contains  about  500  pages. 
The  third  volume  of  a  "  Manual  of  Conchology,"  by  George  W. 
Try  on,  Jr.,  illustrated  by  628  figures  given  in  87  plates,  with  310 
octavo  pages  of  text,  has  been  issued  from  the  Academy  by  the 
author ;  and  the  Rev.  Dr.  Henry  C.  McCook  has  had  published 
by  J.  B.  Lippincott  <fe  Co.,  an  octavo  volume,  fully  illustrated,  on 
*'  The  Honey  Ants  of  the  Garden  of  the  gods,  and  the  Occident 
Ants  of  the  American  Plains,"  much  of  which  he  had  presented 
at  stated  meetings  of  the  Academy  in  the  course  of  the  year. 

Several  papers  from  the  Conchological,  Botanical,  Mineral- 
ogical  and  Geological  Sections  have  been  accepted  for  publication 
in  the  Proceedings  of  the  Academy.     The  Entomological  Section 
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has  printed  on  the  premises  and  issued  about  230  octavo  pages  of 
its  Proceedings  and  Transactions. 

These  publications  constitute  reliable  evidence  of  the  activity 
of  the  Society,  as  well  as  a  measure  of  the  extent  of  work  done  in 
connection  with  it  by  its  members. 

The  average  number  of  persons  present  at  the  stated  meetings 
of  the  year  is  30.44  ;  the  least  number  present  at  any  meeting  was 
7,  and  the  greatest,  363. 

The  scientific  activity  of  the  society  may  be  estimated  more 
accurately  by  what  it  publishes  than  by  the  numbers  present  at 
its  stated  meetings  alone  ;  provided  its  publication  fund  be  equal 
to  the  demands  made  upon  it.  Original  investigations  are  always 
pursued  in  the  privacy  of  the  study  or  laboratory.  Discoveries, 
when  made,  are  announced  at  a  stated  meeting,  which  is  the  avenue 
to  publication,  either  in  form  of  verbal  communication  or  written 
statement  carefully  prepared  for  the  Journal  or  the  Proceedings. 
Such  papers  are  read  by  title  only :  if  read  in  full,  technical  or 
precise  systematic  descriptions  of  new  species  or  genera  would 
allure  few  not  specially  interested  in  their  subjects,  and  a  majority 
would  find  little  or  no  pleasure  in  listening  to  them. 

The  progress  of  the  society  cannot  be  fairly  inferred  by  com- 
paring the  average  number  present  at  stated  meetings  through  a 
series  of  years.  Careful  examination  of  the  minutes  from  1850  to 
1881,  including  both  years,  shows  that  the  average  number 
present  at  the  stated  meetings  of  each  year  does  not  increase 
regularly  from  year  to  year,  but  varies.  The  average  attendance 
in  1850  was  12.28 — little  more  than  the  average  number  present 
at  the  stated  meetings  of  the  Mineralogical  and  Geological 
Sections  for  1881,  namely,  11 ;  for  1855,19.26;  for  1860,35.55; 
for  1865, 18.28 ;  for  1870,22.34.  Nor  is  there  a  uniform  correspond- 
ence between  the  number  of  pages  of  Proceedings  issued  and  the 
average  number  present  at  the  stated  meetings.  A  tabular  state- 
ment of  the  average  numbers  in  attendance  at  the  stated  meetings, 
the  greatest  and  least  number  present  at  meetings  in  the  year, 
the  number  of  members  and  correspondents  elected,  and  the 
number  of  pages  of  Proceedings  published  in  the  year,  is  herowith 
presented : 
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Arerage  No. 

No.  present  at  any 

Eleeted. 

Prooeedings 
pabllshed. 
Pages. 

Tear. 

present     at 
fttated  meet- 
ings. 

meeting. 

Highest. 

Lowest. 

Members. 

Oorresp. 

1850 

12.28 

24 

7 

9 

8 

138 

1855 

19.26 

33 

6 

21 

13 

200 

1860 

85.55 

57 

6 

41 

6 

577 

1865 

18.26 

34 

6 

25 

11 

310 

1870 

22.34 

35 

7 

39 

7 

180 

1871 

20.15 

36 

8 

35 

6 

370 

1872 

20.63 

86 

7 

44 

5 

322 

1873 

24.73 

41 

6 

48 

9 

470 

1874 

21.32 

33 

7 

53 

8 

266 

1875 

25.94 

50 

11 

52 

10 

552 

1876 

89.53 

75 

7 

47 

15 

440 

1877 

81.55 

78 

9 

43 

66 

403 

1878 

81.51 

107 

9 

28 

82 

475 

1879 

36.71 

190 

13 

23 

8 

490 

1880 

27.26 

113 

5 

26 

20 

457 

1881 

29.80 

363 

7 

15 

7- ! -m^ 

6 

An  estimate  of  the  activity  of  the  Academy  from  the  numbers 
in  attendance  at  its  meetings  alone,  should  include  those  in 
attendance  at  the  meetings  of  the  several  sections.  To  specialize 
is  the  order  of  the  day.  All  the  great  meetings  of  men  interested 
in  the  advancement  of  the  different  departments  of  knowledge  are 
splitting  into  sections  and  special  societies.  Many  who  habitually 
attend  the  meetings  of  the  sections  are  seldom  present  at  the 
stated  meetings  of  the  Academy,  but  their  presence  and  work  in 
the  sections  make  part  of  the  common  or  general  activity  of  the 
society. 

The  Department  of  Recent  Conchology  now  contains  139,592 
specimens,  mounted  and  arranged  in  39,501  trays.  The  species 
are  named  throughout,  and  all,  with  rare  exceptions,  are  accessible 
to  students.  The  space  allotted  to  this  branch  of  natural  history 
in  the  museum  is  insufficient.  Lack  of  room  for  the  Mineral- 
ogical  and  Geological  Cabinets  is  also  manifest. 

Extension  and  completion  of  the  building  is  very  desirable.  At 
this  time,  the  building  fund  amounts  to  $3689.20.  Attention  of 
members  and  friends  of  the  Academy  is  respectfully  invited  to 
this  important  matter.  The  finished  part  of  the  building  is  not 
now  large  enough  to  properly  arrange  all  the  materials  in  it  in  the 
most  convenient  manner  for  their  study,  and  is  certainly  not 
sufficiently  extensive  to  display  them  to  the  public  in  a  way  to 
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render  them  attractive  and  instructive  to  visitors  in  general.  The 
present  rate  of  growth  of  the  museum  and  library,  and  the 
already  crowded  condition  of  the  cases,  suggest  that  ways  and 
means  should  be  devised  without  delay  to  augment  the  building 
fund.  It  is  obvious  that  a  vast  museum  and  a  great  library 
connected  with  it  demand  space  for  their  accommodation  commen- 
surate with  their  extent ;  and  that  a  structure  to  embrace  such 
space  cannot  be  erected  in  a  day,  at  any  time,  nor  without  a  large 
sum.  To  raise  sufficient  money  to  complete  the  edifice  designed 
for  the  purposes  of  the  Academy  will  be  found  an  arduous  and 
slowly  progressive  enterprise.  Therefore  no  date  will  be  too  early 
for  its  commencement ;  its  success  will  not  be  too  soon.  And  for 
this  the  Academy  must,  as  heretofore,  rely  upon  the  generosity 
of  the  intelligent  and  public-spirited  who  believe  with  us  that  the 
cultivation  of  the  natural  sciences  is  in  many  ways  advantageous 
to  the  public ;  and  that  the  project  of  completing  the  building  and 
expanding  the  museum  of  the  Academy,  till  it  shall  be  in  every 
sense  a  perfect  museum  of  natural  history,  is  worthy  of  favorable 
consideration  and  prompt  encouragement. 

Such  an  establishment  would  be  an  addition  to  the  positive 
attractions  of  Philadelphia,  and  thus  become  indirectly  of  com- 
mercial value  to  the  city;  especially  if  admission  to  it  during  a 
part  of  every  secular  day  were  without  fee,  and  monitors  were 
always  at  hand  ready  to  explain  to  visitors  the  nature  of  the 
objects  displayed.  It  would  be  among  the  best  of  charities,  for  it 
would  help  all  to  knowledge  who  are  disposed  to  help  themselves. 
A  leisurely  promenade  through  a  complete  and  well-arranged 
museum  of  natural  history,  where  questions  of  curious  and 
inquisitive  visitors  might  be  answered  on  the  spot,  wpuld  be  almost 
in  itself  an  education  in  this  connection. 

To  hope  for  such  a  museum  here  is  extravagant  only  in  view  of 
the  great  expense.  The  chief  obstacle  in  the  way  of  its  realization 
is  the  cost,  which  would  possibly  far  exceed  that  of  a  free  public 
library  of  general  literature,  or  a  free  public  gallery  of  fine  paint- 
ings. A  museum  of  natural  objects  might  not  be  as  alluring  to 
the  masses  as  fictions  told  in  prose  or  verse,  or  in  different- 
colored  pigments  deftly  mingled  and  displayed,  all  exciting 
admiration,  and  more  likely  to  arouse  romantic,  even  sensuous 
notions  than  to  convey  a  ray  of  truth  of  any  sort  to  the  mind  of 
the  uncultured  observer.    But  the  influence  of  the  museum  in 
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teaching  untrained  minds  to  think  rightly  and  appreciate  the 
beauties  of  truth,  everywhere  manifest  in  the  works  of  the  Creator, 
is  likely  to  be  as  great,  if  not  greater,  and  certainly  not  less 
salutary. 

A  complete  standard  museum,  free  to  the  public,  is  surely 
desirable  in  a  locality  which  contains  more  than  a  million  of 
inhabitants  within  a  radius  of  ten  or  fifteen  miles  from  this  centre. 
The  city  contains  many  private  special  collections,  and  several 
small,  good  museums  connected  with  colleges  and  schools,  which 
are  accessible  to  the  few,  but  there  is  no  great  museum  of  natural 
history  absolutely  free  to  all.  Without  lessening  the  importance 
and  value  of  private  or  collegiate  collections,  and  without  inter- 
fering with  students  in  their  use  of  it,  the  museum  of  the  Academy, 
which  has  been  formed  at  the  cost  of  many  years'  labor  and  much 
money,  can  be  made  in  a  «hort  time  complete  and  entirely  free  to 
the  public,  provided  that  sufHcient  means  for  the  purpose  are 
supplied.  Herein  lies  the  difficulty  of  the  problem  to  be  solved 
before  starting  the  enterprise  suggested. 

A  newspaper  has  recently  said  that  among  our  opulent  citizens 
are  those  who  might,  without  inconvenience,  give  a  million  to 
found  a  free  public  library.  Assuming  the  conjecture  to  be  true 
in  part,  at  least,  it  might  not  be  entirely  in  vain  perhaps,  to  invite 
those  very  wealthy  and  intelligent  persons  to.consider  the  claims 
of  the  Academy  on  their  bounty. 

The  annual  reports  of  the  several  sections  or  departments  of  the 
Academy  show  that  their  condition  is  satisfactory.     They  are : 

1.  The  Biological  and  Microscopical  Section,  founded  in  1858  by 
the  absoqjtion  or  junction  of  the  Biological  Society,  then  recently 
organized,  and  by  adding  to  it,  in  July,  1868,  the  then  newly 
formed  Microscopical  Society. 

2.  The  Conchological  Section,  founded  December  26,  1866. 

3.  The  Entomological  Section,  founded  November  1875,  chiefly 
by  annexation  of  the  American  Entomological  Society. 

4.  The  Botanical  Section,  founded  in  June,  1876. 

5.  The  Mineralogical  and  Geological  Section,  founded  April  24, 
1877,  under  the  title  of  Mineralogical  Section.  Its  present  title 
was  authorized  November,  1879. 

The  Biological  and  Microscopical  Section  reports  that  Professor 
J.  Gibbons  Hunt  delivered  seven  lectures  on  histological  subjects 
before  the  Section  during  the  year,  and  that  its  annual  exhibition 
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was  held  on  the  evenings  of  November  16  and  17.  It  was  largely 
attended  by  members  of  the  Academy  and  their  friends,  and  was 
satisfactory  to  all  those  who  took  part  in  it. 

The  sections  afford  greater  facilities  to  specialists  in  their  pur- 
suits than  they  could  obtain  in  newly  organized  and  independent^ 
societies.  They  are  in  no  sense  detrimental  to  the  interests  of  the 
Academy.  They  have  the  immediate  care  of  those  departments 
of  the  museum  which  are  appropriate  to  them ;  and  in  this  connec- 
tion their  conservators  relieve  the  Curators  of  considerable  labor. 
There  is  no  apparent  reason  why  the  formation  of  sections  should 
not  be  encouraged.  They  tend  to  unite  those  engaged  in  separate 
but  closely  allied  studies,  advantageously  to  them  as  well  as  to 
scientific  progress,  and  to  centralize  their  interest  in  the  general 
welfare  of  the  society.  A  desire  of  membership  in  a  section  is 
often  the  only  inducement  to  seek  membership  in  the  Academy. 

The  by-law,  enacted  May,  1876,  which  provides  for  the  estab- 
lishment of  Professorships,  had  remained  almost  inoperative  until 
December,  1880.  In  its  partial  observance  it  promises  to  be  satis- 
factorily efficient,  at  least  for  the  present. 

The  enactment  was  founded  on  an  idea  that  ^'  there  are  many  men 
eminently  qualified  in  all  respects  to  engage  in  original  research 
whose  scientific  work  is  greatly  restricted  because  almost  all  their 
time  is  necessarily  spent  in  gaining  a  livelihood,  who,  like  the 
Davys,  Faradays,  Huxleys,  and  Tyndalls  of  the  Royal  Institution, 
would  gladly  accept  a  moderate  support  of  assured  continuance, 
and  in  return  for  it  devote  all  their  energies  to  scientific  investi- 
gations and  teaching.'' 

Objection  to  the  scheme,  though  commendable  in  itself,  was  that 
"to  appoint  professors  before  providing  a  laboratory  in  which  they 
may  pursue  their  investigations,  or  a  lecture-room  for  the  accom- 
modation of  those  who  would  listen  to  their  teachings ;  or  means 
for  their  permanent  and  entire  support,  would  be  merely  to  bestow 
complimentary  titles,  without  advancing  the  interests  of  original 
research  in  any  manner  or  degree.  Gentlemen  elected  to  profes- 
sorships without  income  would  not  find  in  the  title  of  professor 
alone  the  means  of  living.  Such  title  would  not  relieve  them  from 
the  necessity  of  giving  their  time  and  labor  to  some  exacting  voca- 
tion for  daily  bread,  nor  afford  them  more  leisure  than  they  may 
possess  without  it.  Those  devoted  to  original  investigation  who 
are  pecuniarily  independent  of  secular  employment  do  not  need 
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the  assistance  which  hoped-for  endowments  are  designed  to  give. 
As  the  library  and  museum  are  accessible  to  all  for  the  purpose 
of  study,  they  are  in  condition  to  pursue  their  scientific  labors 
without  acquiring  the  title  of  professor  from  the  Academy." 

If  the  enactment  be  founded  as  stated,  the  objection  to  the 
appointment  of  professors  before  making  provision  of  facilities 
suitable  to  the  work  imposed  upon  them,  and  of  sufficient  means 
for  their  permanent  support,  has  no  less  force  now  than  when  first 
made  five  years  ago. 

It  has  been  considered  expedient  to  inaugurate  the  scheme  of 
professorships  before  providing  the  ways  and  means  for  their 
permanent  support,  in  the  hope  that  the  effort  may  meet  with  sub- 
stantantial  encouragement. 

Dr.  J.  Gibbons  Hunt  was  duly  elected  Professor  of  Histol- 
ogy and  Microscopic  Technology,  April  17, 1877,  without  compen- 
sation or  authority  to  incur  expense. 

At  a  stated  meeting  of  the  Council,  December  27,  1880,  Mr. 
Angelo  Heilprin  was  duly  elected  Professor  of  Invertebrate 
Palffiontolog}'^ ;  and  January  24,  1881,  Mr.  Henry  Carvill  Lewis 
was  appointed  Professor  of  Mineralogy. 

Knowing  that  the  society  has  no  means  to  defray  any  expense 
incidental  to  the  professorships,  and  that  the  long  wished-for 
endowments  to  support  them  have  not  yet  been  made,  these  gentle- 
men have  generously  volunteered  to  contribute  their  time  and 
valuable  services  towards  promoting  the  interests  of  the  Academy 
and  scientific  advancement  without  pecuniary  compensation. 

The  Committee  on  Instruction  and  Lectures  made  arrange- 
ments necessary  to  enable  the  professors  to  inaugurate  the  work  of 
instruction.  Professor  Heilprin  delivered  a  lecture  introductory 
to  his  course  on  Invertebrate  Palseontology  before  the  Academy, 
March  H  ;  and  at  the  stated  meeting  of  the  15th,  Professor  Lewis 
delivered  an  introductory  lecture  to  his  course  on  Mineralogy. 

The  average  attendance  at  Professor  Heilpi*in's  course  of  twenty- 
six  lectures  was  twenty-five,  and  at  Professor  Lewis'  course  of 
fourteen  lectures,  thirty-five. 

The  Rev.  Dr.  Henry  C.  McCook,  Chairman  of  the  Committee 
on  Instruction  and  Lectures,  said,  in  his  report,  May  31,  1881: 
"  The  committee  feels  pleasure  in  recognizing  the  valuable  services 
rendered  by  the  professors  to  the  classes  of  last  winter — service 
that  has  been  none  the  less  valuable  and  is  all  the  more  entitled 
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to  hearty  acknowledgment  because  voluntarily  given.  It  has 
not  been  possible  to  give  them  a  pecuniary  acknowledgment  of 
their  services  worthy  of  any  notice  in  a  report.  The  hope  is 
expressed,  that  the  liberality  and  Justice  of  those  interested  in  this 
department  of  the  Academy's  work,  will  enable  the  committee  to 
make  a  more  favorable  report  in  this  respect  upon  the  operations 
of  next  winter."* 

The  committee  has  announced  that  early  in  January,  1882, 
Professor  Lewis  will  begin  a  course  of  25  lectures  on  Mineralogy, 
and  Professor  Heilprin  a  course  of  from  25  to  30  lectures  on 
Invertebrate  Palaeontology. 

The  institution  of  these  lectures  is  based  on  a  supposition,  a 
conjecture  that  there  are  many  persons  in  the  community  who 
desire  to  be  systematically  taught  such  branches  as  are  not  included 
in  academic  or  college  courses,  or  if  included,  not  generally 
accessible  to  those  who  are  interested  only  in  subjects  proposed 
to  be  taught  here,  and  that  those  persons  are  in  number  sufQcient 
to  warrant  and  sustain  the  enterprise.  Experience  will  be  required 
to  determine  whether  or  not  the  conjecture  is  well-founded, 
because  the  nature  and  character  of  the  instruction  given  here  is 
not  likely  to  be  generally  known  or  appreciated  in  the  community 
in  a  trial  of  less  than  two  or  three  years.  If,  at  the  end  of  a  third 
course,  it  should  be  foimd  that  the  number  attracted  to  these 
courses  is  not  large  enough  to  compensate  the  professors,  it  is 
not  reasonable  to  suppose  that  they  will  be  willing  to  continue 
their  labors,  which  are  certainly  very  considerable,  without  ade- 
quate substantial  remuneration.  When  it  becomes  manifest  that 
the  demand  for  systematic  and  practical  instruction  is  not  suffi- 
cient to  warrant  or  encourage  work  of  this  kind ,  it  will  be  suspended. 
Then  the  professors  will  be  free  to  devote  their  time  to  original 
investigations  exclusively,  provided  that  means  of  livelihood  are 
supplied  by  endowment  or  otherwise. 

On  the  other  hand,  if  the  admission  fees  are  sufficient  to  main- 
tain the  lectures  and  lecturers,  other  systematic  courses  of  instruc- 
tion will  probably  be  undertaken  and  continued  as  long  as  they 
are  supported,  and  thus  the  Academy,  which  has  been  heretofore 
mainly  a  repertory  of  means  and  resources  for  the  use  of  those 
who  seek  to  instruct  themselves,  may  also  become  efficient  in 

>  The  total  amount  of  fees  for  admiuion  to  the  lectures  was  $151,  and 
of  the  incidental  expenses,  $52.27 
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teaching  all  branches  of  natural  history,  both  by  lectures,  appro- 
priately illustrated  by  diagrams  and  by  specimens  from  the  museum 
as  well  as  by  personal,  individual  laboratory  work  under  the  super- 
vision of  the  professors. 

Whatever  the  result  of  the  experiment  in  teaching  may  be,  the 
appliances  necessary  to  study  possessed  by  the  Academy,  will  be 
always  accessible  to  those  who  may  be  gratified  to  have  an 
opportunity  to  teach  themselves — to  be  self-taught. 

Although  defective  and  deficient  in  some  respects,  there  is  no 
conclusive  reason  to  suppose  that  the  Academy  is  not  now 
realizing  the  hope  of  its  founders,  as  well  and  as  surely  as  in  any 
previous  year  of  its  history.  That  defects  will  be  corrected  and 
deficiencies  supplied  in  the  course  of  time  may  be  confidl^tly 
conjectured,  because  the  needs  of  students  of  natural  science, 
which  is  daily  becoming  more  fully  appreciated  than  ever  before 
in  the  world,  are  better  understood.  A  great  library  and  extensive 
collections  of  natural  objects,  appropriately  classified  and  labeled, 
are  necessary  to  enable  the  student  to  become  a  master  of  natural 
history,  and  qualify  him  to  be  a  successful  investigator.  The  cost 
of  such  necessary  appliances  and  facilities  of  study  is  so  great 
that  no  one  student  is  able  to  purchase  them  for  himself  alone. 
He  can  enjoy  their  use,  therefore,  only  in  common  with  others,  in 
a  society  like  the  Academy,  which  has  acquired  them  through  the 
generosity  of  many  individuals  in  the  course  of  years.  Every 
specimen,  every  book,  every  dollar  given  here  is  a  contribution  to 
the  repertory  of  means  to  facilitate  the  labors  of  present  and 
future  students  of  natural  science.  And  every  contributor  is 
regarded  as  a  benefactor  to  them  directly,  and  indirectly  as  a 
patron  of  scientific  progress,  in  greater  or  less  degree. 

Since  the  Academy  was  in  its  embryo  state^  seventy  years  ago, 
public  opinion  of  the  character  and  influence  of  its  pursuits  has 
greatly  changed.  Then  they  interested  comparatively  few,  and 
those  few  were  supposed  to  be  almost,  if  not  entirely,  free  from  the 
influence  of  belief  in  religious  principles  of  any  kind.  Many  pious 
but  prejudiced  persons  imagined  that  a  naturalist  is  necessarily 
an  infldel.  Those  very  good,  ignorant  people  then,  like  multitudes 
of  the  same  class  of  the  present  day,  limited  their  study  of  animal 
creation  almost  exclusively  to  man  and  his  actions,  depicted  in 
endless  variety  by  prose-writers  and  poets.  Assurance  that  there 
is  equal  pleasure  and  greater  mental  satisfaction  in  the  study  of 
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organisms  inferior  to  man,  fell  then  as  now,  generally  speaking, 
upon  incredulons  ears.  They  do  not  believe  them  worthy  of 
serious  attention. 

The  nameless  author  of  "  La  Spectacle  de  la  Nature,"  a  work 
which  has  the  censor's  approval,  dated  Paris,  March  20,  1732, 
speaking  of  insects,  says :  ^'  If  the  Deity  did  not  think  it  unworthy 
of  Himself  to  create  them,  is  it  beneath  us  to  consider  them  ? 
*  *  *  the  minutest  things  in  nature  were  appointed  to  some 
peculiar  end  and  purpose,  and  the  Deity  is  as  conspicuous  in  the 
structure  of  the  fly's  paw  as  He  is  in  the  bright  globe  of  the  sun 
himself.'' 

No  one  pretends  now  to  impugn  the  truth  of  this  ancient  state- 
men(1 

Biit  the  study  of  the  natural  sciences  is  no  longer  regarded 
among  Christian  theologians  and  laymen  of  intelligence  to  be 
antagonistic  to  the  existence  and  growth  of  religious  sentiment. 
Statesmen  recognize  in  it  economic  value.  Governments  re- 
quire naturalists  to  accompany  all  geographical  explorations. 
United  States  and  State  Geologist,  Botanist,  Entomologist,  etc., 
are  familiar  titles.  Periodical  publications  devoted  to  the  natural 
sciences  are  numerous.  To  this  kind  of  evidence  of  the  increasing 
popularity  of  scientific  pursuits  may  be  added  the  mulitiplication 
of  societies  for  their  promotion  in  different  parts  of  the  countr}'. 
All  of  them  have  been  formed  since  the  Academy  was  founded. 
They  are  all  welcome  co-laborers  in  the  vast  field  of  work,  and  are 
not  regarded  in  any  sense  as  rivals  or  competitors.  They  serve 
to  create  a  spirit  of  wholesome  emulation. 

It  is  pleasant  to  suppose  that  the  Academy  has  had  a  salutary 
influence  on  the  progress  of  the  natural  sciences  to  the  degree  of 
popular  favor  they  now  possess,  and  that  its  general  conduct 
heretofore  is  approved.  Its  ways  have  been  and  are  unpretentious, 
unobtrusive.  Membership  in  itself  is  not  significant  of  any  degree 
of  scientific  acquirement,  but  only  of  friendliness  to  scientific 
pursuits.  Candidates  to  be  inscribed  on  the  list  of  its  members 
are  not  required  to  possess  special  qualifications.  Those  members 
who  avail  themselves  of  the  opportunity  and  appliances  afforded 
to  study,  gain  knowledge  and  receive  due  credit  for  any  good 
work  they  may  do.  The  reputation  they  may  thus  acquire  is 
reflected  upon  the  Academy. 

On  its  list  of  members  are  very  many  who  manifest  their 
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interest  in  the  society's  welfare  only  by  contributing  to  its  funds 
or  collections  ;  many  who  are  active  and  successful  workers ;  many 
who  are  distinguished  by  their  attainments,  and  some  who  have 
reached  great  eminence;  and  it  is  reasonably  supposable  that 
recruits  are  coming  forward  to  fill  vacancies  as  they  occur  in  each 
of  these  different  kinds  or  classes  of  members.  It  has  many 
numerous  and  valuable  collections  in  every  department,  some  of 
them  unsurpassed,  which  are  continuously  increasing ;  and  an 
appropriate  library,  the  best  of  the  kind  in  the  country,  for  the 
steady  growth  of  which  permanent  provision  has  been  made.  It 
owns  the  building  it  occupies,  with  land  enough  on  which  to 
expand  it  to  twice  its  present  dimensions.  It  is  free  from  debt, 
and  its  current  income  has  been  in  the  past  year  equal  to  its 
economical  expenditure. 

The  condition  of  the  society,  attained  at  the  end  of  seventy 
years'  existence,  without  any  pecuniary  aid  whatever  from  the 
government  of  the  State,  justifies  the  policy  which  has  guided  the 
management  of  its  afiairs.  There  is  nothing  in  its  past  history  to 
suggest  that  it  should  depart  now  from  the  general  conservative 
policy  which  has  characterized  almost  every  step  of  its  progress 
since  1812.  Observance  of  this  policy  has  brought  it  to  its  present 
condition,  in  which  there  is  nothing  to  warrant  foreboding  of 
decadence,  but  much  on  which  to  found  hope  of  continuous 
progress.  This  condition  is  satisfactory,  because  at  this  time  the 
income  is  enough  to  meet  all  unavoidable  expenses.  Suggested 
improvements  in  several  directions  are  very  desirable  and 
earnestly  hoped  for ;  but  they  are  of  such  a  character  that  they 
can  wait  until  money  is  supplied  for  their  realization  without 
absolutely  arresting  the  progress  of  the  institution. 

Respectfully  submitted. 

W.  S.  W.  RUSOHENBEBOSB. 


REPORT  OP  THE  RECORDING  SECRETARY. 

The  Recording  Secretary  respectfullj'  reports  that  during  the 
year  ending  Nov.  30, 1881,  fifteen  members  and  six  correspondents 
have  been  elected. 

Resignations  of  membership  have  been  received  from  Messrs. 
J.  Ward  Atwood,  H.  Dumont  Wagner,  E.  Egglesfield  Grifiitb, 
Henry  Pemberton,  Jr.,  and  Wm.  P.  Sellers. 
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The  records  of  the  death  of  eleven  members  and  six  correspon- 
dents have  been  published  in  the  Proceedings  under  dates  of 
announcement,  so  that  it  is  unnecessary  to  repeat  the  names  here. 

Twenty  papers  have  been  accepted  for  publication.  Eighteen 
of  these  have  been  printed,  and  the  remaining  two  will  be  included 
in  the  current  volume  of  Proceedings.  The  communications  have 
been  received  from  the  following :  Angelo  Heilprin,  6  ;  Rev.  Dr. 
Henry  C.  McCook,  3 ;  S.  B.  Buckley,  3 ;  Henry  C.  Chapman,  2 ; 
Harrison  Allen,  Rafael  Arango,  John  H.  Ryder,  R.  E.  C.  Steams, 
W.  N.  Lockington,  and  Messrs.  Wachsmuth  and  Springer,  each 
one. 

Sixty-four  pages  of  the  volume  of  Proceedings  for  1880,  and 
four  hundred  and  thirty  of  the  volume  for  1881,  have  been 
printed  during  the  year.  The  fourth  or  concluding  number  of 
Vol.  VIII  of  the  Journal  was  issued  and  distributed  to  subscribers 
and  correspondents  in  March. 

The  interest  of  the  weekly  meetings  has  depended  mainly  on 
the  verbal  communications  made  from  time  to  time  by  Messrs. 
McCook,  Wood,  Leidy,  Ryder,  Meehan,  Chapman,  Potts,  Allen, 
Horn,  Foote,  Bassett,  Kite,  Heilprin,  Lewis,  Rand,  Haines, 
Koenig,  Anders  and  Pike.  The  greater  number  of  these  have 
been  reported  by  the  authors,  and  duly  published  in  the  Pro- 
ceedings. 

Mr.  Edw.  S.  Whelen  having  resigned  from  the  Council  and  the 
Finance  Committee,  the  vacancies  were  filled  by  the  election,  on 
the  22d  of  January,  of  Chas.  P.  Perot  to  the  former  and  Isaac  C. 
Martindale  to  the  latter  position. 

A  vacancy  in  the  Council,  caused  by  the  resignation  of  Dr.  H. 
C.  Chapman,  was  filled,  June  5,  by  the  election  of  Dr.  Geo.  A. 
Koenig. 

Article  3,  Chap.  XV,  of  the  By-Laws  was  amended  October  25 
by  adding  after  the  word  "  election  '^  the  words  "  and  resignation." 

All  of  which  is  respectfully  submitted. 

Edw.  J.  Nolan, 
Recording  Secretary. 

REPORT  OP  THE  CORRESPONDING  SECRETARY. 

The  Corresponding  Secretary  reports  that  the  business  of  his 
office  has  not  differed  materially  from  that  of  preceding  years,  the 
correspondence  having  been  of  the  usual  routine  character. 
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During  the  past  year  our  membership  has  been  increased  by  the 
addition  of  six  Correspondents,  who  have  been  promptly  notified 
of  their  election,  and  from  nearly  all  of  whom  acceptances  have 
been  received. 

To  those  who  have  favored  the  Academy  with  donations  to  the 
Museum,  prompt  acknowledgments  have  been  sent ;  these,  to  the 
number  of  one  hundred  and  sixty-one,  represent  for  the  most  part 
not  single  specimens,  but  masses  of  valuable  material,  a  record  of 
which  will  appear  in  the  Curators'  report. 

The  letters  received  are  in  great  part  either  notices  of  the 
transmission  of  the  publications  of  Corresponding  Societies,  or 
acknowledgments  of  the  reception  of  our  own  by  them. 

The  summary  is  as  follows : 

Letters  of  transmission,  49 

Letters  of  acknowledgment,  58 

Responses  from  Correspondents,  6 

Miscellaneous,  13 

representing  eighty  Scientific  Societies,  Public  Libraries,  Insti- 
tutions of  original  research,  and  other  bodies  organized  for  the 
increase  and  diQ'usion  of  knowledge.  The  number  of  Corres- 
ponding Societies  shows  an  annual  increase. 

During  the  year  notices  of  the  death  of  several  Correspondents 
have  been  received,  and  published  in  the  current  Proceedings. 
Respectfully  submitted. 

Geobge  H.  Horn,  M.  D., 

Corresponding  Secretary, 


REPORT  OP  THE  LIBRARIAN. 

The  Librarian  respectfully  reports  that  during  the  year  ending 
November  30,  1881,  there  have  been  2T19  additions  made  to  the 
library  of  the  Academy.  As  heretofore,  the  greater  part  of  these 
have  been  the  publications  of  scientific  societies,  received  in  ex- 
change for  those  of  the  Academy.  The  increase  has  been  composed 
of  396  volumes,  22t3  pamphlets  and  separate  parti  of  periodicals 
and  50  maps  and  plates. 
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The  sources  from  which  these  were  derived  are  as  follows : — 


Societies, 1075 

Editors, 697 

I.  V.  Williamson  Fund,    ...  278 

Authors, 252 

Jos.  Jeanes, 94 

F.  V.  Hayden, 83 

Wilson  Fund, 29 

Department  of  the  Interior,  .  22 
Geological  Survey  of  Sweden,  .  22 
Geological  Survey  of  Bohemia,    16 

Robert  Bridges, 14 

Geol.  Survey  of  Pennsylvania,  .  12 
Fish  Comers  of  Massachusetts,  12 
Geological  Survey  of  India,  .  9 
Department  of  Agriculture,  .  9 
Smithsonian  Institution,       .     .      9 

Isaac  Lea,        9 

War  Department, 7 

Fish  Commissioners  of  Maine,  7 
Treasury  Department,  ...  6 
Geological  Survey  of  Belgium,  5 
Minister  of  Works,  Mexico,  .  5 
Minister  of  Public  Works,  France,  6 
Dept.  of  Mines,  New  South  Wales,  5 


East  Indian  Government,     .     .  5 

Fish  Commission  of  Michigan,  4 

Geol.  Survey  of  New  Zealand,  4 

En^neer  Department,  [J.  S.  A.,  4 

Major  Huguet  Latour,      ...  4 

University  of  New  York,     .     .  4 

Fish  Commission  of  Iowa,   .     .  8 

In  addition,  8  volumes  were  procured  by  exchange  of  dupli- 
cates. The  additions  were  distributed  to  the  various  departments 
of  the  library  as  follows : — 


Norwegian  Government,       .    .  8 

Wm.  a  Vaux, •.  8 

Rev.  Dr.  Syle,    .......  8 

Trustees  of  British  Museum,    .  8 

Geological  Survey  of  Canada,  2 

H.  C.  Lewis, 2 

C.  F.  Parker 2 

G^eol.  Survey  of  New  Jersey,     .  2 

Mrs.  8.  S.  Haldeman,    ....  1 

B.  L.  Hewit,       1 

H.  C.  Chapman, 1 

G.  W.  Tryon.  Jr., 1 

University  of  Minnesota,      .     .  1 

Yale  College, 1 

U.  S.  Commissioner  of  Fisheries,  1 

Fish  Com' r  of  Maryland,      .     .  1 

Wesleyan  University,      ...  1 

Philadelphia  Library  Co.,     .    .  1 

University  of  California,      .     .  1 

Dept.  Mines,  Nova  Scotia,   .     .  1 

Geological  Survey  of  Italy,       .  1 

Mercantile  Library,  St.  Louis.  1 

Mercantile  Library.  San  Francisco  1 

N.  J.  State  Agricultural  Station,  1 

Pennsylvania  Museum,    .     *     .  1 

Rutger's  Scientific  School,   .    .  1 

Libraiy  Com'rs,  Nova  Scotia,  1 

Astor  Library, 1 

American  Museum  of  Nat.  Hist.,  1 

Second  Presbyterian  Church,   .  1 


Journals 

Geology, , 

General  Natural  History, 

Botany,       

Conchology, 

Anatomy  and  Physiology, 

Ichthyology, 

Bibliography,       .     .     .     . 

Entomology, 

Mineralogy, 

Anthropolo^,     .     .     .     . 
Physical  Science,     .    .    . 


2021 
286 
64 
64 
47 
40 
4 
21 
21 
20 
18 
11 


Education, It 

Voyages  and  Travels,  ...  11 

Agriculture, 10 

Helminthology,  .     *    .     .    .  9 

Ornithology, 9 

Chemistry, 9 

Medicine, 6 

Biography, 6 

Mammalogy, 9 

Miscellaneous,      (War,    Fi- 
nance, Literature,  etc,,)  45 


Estimating  that  it  requires  an  average  of  10  pamphlets  or  parts 
of  periodicals  to  make  a  volume,  the  number  of  volumes  now  In 
the  library  is  about  29,485.  The  failure  of  some  of  the  ground- 
rents  constituting  the  I.  Y.  Williamson  Fund  and  the  consequent 
necessity  of  obtaining  possession  of  the  property  involved,  has 
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decreased  the  number  of  works  obtained  from  that  source,  those 
received  having  been  mainly  continuations  of  periodicals  and 
serial  works  previously  subscribed  for.  It  is  hoped,  however, 
that  the  embarrassment  is  merely  temporary,  as  the  income  from 
the  Fund  will  be  hereafter  materially  increased  by  the  rents  of 
the  properties  thus  acquired. 

The  Academy  is  indebted  to  Mr.  Jos.  Jeanes  for  a  gift  of 
$500.00  for  the  purchase  of  botanical,  and  $239.80  for  geological 
works  actually  required  by  the  workers  in  these  departments. 
The  books  most  urgently  asked  for,  have  been  ordered,  and  those 
which  have  been  received  are  noted  in  the  accompanying  list  of 
additions  to  the  library. 

The  revision  of  the  catalogue  of  American  journals  has  been 
completed.  Applications  have  been  made  for  deficiencies  in  every 
case  where  it  was  at  all  probable  that  the  publishers  could  be 
reached,  and  proposals  to  exchange  have  been  made  to  a  few 
societies  not  yet  in  correspondence  with  us.  The  latter  are  mainly 
in  South  America,  and  judging  by  the  experience  of  the  past,  the 
answers,  which  we  have  not  yet  had  time  to  receive,  will  be  favor- 
able. 

Edw.  J.  Nolan, 

Librarian, 


REPORT  OF  THE  CURATORS. 

The  Curators  present  the  following  report  of  the  Museum  pre- 
pared by  Mr.  Chas.  F.  Parker,  in  special  charge  of  the  same. 

I  would  respectfully  report,  that  during  the  year  all  the  collec- 
tions of  the  Museum  have  been  carefully  inspected  and  cared  for, 
and  that  they  are  in  good  condition. 

The  specimens  received  during  the  year  have  been  labeled  and 
placed  in  their  proper  positions. 

The  contributions  in  the  various  departments  during  the  year, 
excepting  those  reported  on  by  some  of  the  special  sections, 
follows,  and  will  be  found  included  in  the  "  List  of  additions  to  the 
Museum." 

The  Haldeman  collection,  noted  in  the  list,  has  been  partially 
arranged  in  forty  drawers  and  nine  horizontal  cases.     A  large 
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number  of  specimens  had  to  be  paoked  away  for  want  of  room, 
which,  it  is  hoped,  will  soon  be  provided  for  their  display. 

Joseph  Leidt,  M.  D., 

Cftairman  of  Curators. 


REPORT  OP  THE  BIOLOGICAL  AND  MICROSCOPICAL 

SECTION. 

Fifteen  stated  meetings  were  held  during  the  year. 

The  following  new  members  and  associates  were  elected : 

Jfem6er«,— Robert  S.  Davis,  E.  P.  Borden,  J.  E.  Mitchell,  Dr. 
Crozier  Griffiths,  Dr.  George  A.  Rex,  Edward  P.  Starr,  D.  S. 
Newhall. 

Associates.—^.  T.  Seal,  Dr.  J.  R.  McClurg,  J.  H.  Fenton. 

The  death  of  but  one  member  was  noticed  upon  the  minutes  of 
the  section,  that  of  Thomas  W,  Starr. 

Besides  the  usual  material  presented  at  the  meetings,  the 
following  special  subjects  were  of  more  than  ordinary  interest: — 

Dec.  6,  1880. — The  anatomy  of  the  Sponges,  by  Mr.  Ryder. 

Dec.  20, 1880.— An  exhibition  with  a  new  Projecting  Lantern, 
by  Queen  &  Co. 

Jan.  3, 1881. — Lecture  upon  Living  Units  and  the  Growth  of 
Vegetable  and  Animal  Matter,  from  the  Original  Cells  or 
Bioplasts,  by  Dr.  J.  G.  Hunt, 

Jan.  17,  1881. — Lecture  upon  Mosses,  by  Dr.  Hunt. 

Feb.  7,  1881 Lecture  upon  the  subject,  "Some   Problems 

Within  and  Some  that  are  Beyond  Microscopical  Observation,"  by 
Dr.  Hunt. 

Feb.  21, 1881. — Extended  remarks  upon  the  Anatomy  of  the 
Mosses  and  the  best  methods  of  Mounting,  by  Mr.  Jacob  Binder. 

March  7,1881. — The  Microscopical  Mechanism  of  some  parts 
of  the  Digestive  Organs,  by  Dr.  Hunt. 

March  21, 1881.— Extended  remarks  by  Mr.  George  Binder 
upon  the  Fungi  and  the  best  method  of  mounting  them. 

March  21,  1881.— Observations  by  Mr.  J.  0.  Schimmell  upon 
the  common  Red  Spider  or  Mite. 

March  21, 1881.— A  new  method  of  bleaching  vegetable  tissues, 
by  Mr.  Jacob  Binder. 

April  4,1881.— Lecture  by  Dr.  Hunt  upon  the  Significance  of 
some  Customs  in  Living  Things. 
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May  2,  1881. — Lecture  by  Dr.  Hunt  upon  Some  Gomparative 
niustrations  of  Breathing  Organs^ 

May  17,  1881.— ObservatiouB  upon  the  best  methods  of  pre- 
paring Crystals  of  Hippuric  Acid. 

June  6, 1881. — Lecture  by  Dr.  Hunt  upon  Growth  in  the  Skin 
and  in  some  Trees  alike. 

Nov.  16  and  17. — The  Annual  Exhibition  was  held,  and  was 
attended  by  a  large  and  interested  assembly. 

Dec.  5, 1881. — At  the  annual  election  the  following  gentlemen 
were  elected  offipers  for  the  ensuing  year: 


Director^       .        . 

Vice-Director^ 

Corresponding  Secretary^    . 

Conservator^ 

Treasurer,   .... 

Recorder,      .        •        .        . 

Committee  of  Auditors, 


Committee  of  Curators, 


Committee  on  Business, 


Dr.  R.  S.  Kenderdine. 
Dr.  Charles  Schaeffer. 
Dr.  L,  Ashley  Faught. 
Mr.  Charles  P.  Perot. 
Dr.  Isaac  Norris. 
Dr.  Robert  J.  Hess. 
Mr.  J.  C.  Wilson, 
Mr.  S.  L.  Fox, 
Dr.  A.  G.  Reed. 
Mr.  C.  P.  Perot, 
Mr.  E.  Pennock. 

Dn  C.  Schaeffer, 
Dr.  R.  J.  Hess, 
Mr.  C.  P.  Perot, 
Dr.  A.  G.  Reed, 
Mr.  S.  L.  Fox. 


Respectfully  submitted, 

Robert  J.  Hiss,  M.  D. 

Recorder. 


REPORT  OP  THE  CONCHOLOGICAL  SECTION, 

The  Recorded  of  the  Conchological  Section  respectfully  reports 
that  during  1881,  Mr.  Rafael  Arango,  Prof.  Angelo  Heilprin,  Dr. 
R.  E.  C.  Steams  and  Mr.  Henry  Hemphill  have  prepared  papers, 
which  have  been  accepted  and  published  in  the  Proceedings  of  the 
Academy.     Besides  theses  verbal  conimunications  have  been  made 
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at  various  times  upon  conchological  subjects,  at  meetings  of  the 
Academy,  by  Dr.  Leidy  and  Messrs.  Heilprin,  Ryder  and  Ford. 

Our  Conservator,  Mr.  Tryon,  reports  that 

"  During  the  year  ending  December  1,  1881,  forty-four  distinct 
donations  of  recent  shells  and  molhisks  have  been  received, 
aggregating  877  species,  represented  by  3205  specimens.  With 
the  assistance  of  Mr.  Charles  F.  Parker  these  have  all  been  labeled, 
mounted  and  displayed  in  the  Museum.  In  addition  to  this  work, 
the  rearrangement  of  the  entire  collection,  in  accordance  with  the 
latest  and  best  views  of  classification,  which  was  commenced  two 
years  ago,  is  constantly  progressing — the  TurbinellidsB,  Nassidae 
and  MitridiB  having  been  completely  re-studied  and  partly 
re-labcled. 

''  The  collection  of  Unionida?  having  outgrown  the  limits  orig- 
inally assigned  to  it,  a  new  arrangement  thereof  became  necessary, 
and  for  this  purpose  ninety-six  drawers  were  appropriated,  at  the 
west  end  of  the  Conchological  gallery.  The  specimens  are  now 
uniformly  mounted,  with  new  labels,  and  classified  in  accordance 
with  the  latest  edition  of  Dr.  Lea^s  Synopsis  of  Naiades.  Two 
reference-catalogues  of  the  family  have  been  prepared,  one  of 
which  is  for  the  use  of  strangers  desirous  of  consulting  the  col- 
lection. The  cabinet  of  Unionidae  contains  over  six  hundred 
species,  represented  by  several  thousand  selected  specimens,  and 
occupies  two  hundred  and  forty  feet  of  surface  space.  To  the 
above  work  Mr.  Parker  has,  as  usual,  devoted  much  of  his  time, 
and  with  great  advantage  to  the  appearance  of  the  specimens. 

'^  Early  in  the  year  an  opportunity  occurred  to  secure  a  fine 
suite  of  fossil  shells  from  the  older  formations  of  the  West — 
hitherto  very  imperfectly  represented  in  the  Academy's  Museum ; 
the  Section  obtained  these  by  purchase. 

*'  Prof.  Angelo  Heilprin  having  assumed  official  charge  of  the 
cabinet  of  invertebrate  palaeontology,  his  annual  report  will  con- 
tain the  summary  of  donations  of  fossil  shells,  heretofore  included 
in  this  report. 

"  Recently,  a  large  and  valuable  selection  of  recent  shells,  all  new 
to  the  Academy's  collection,  has  been  offered  to  us  at  a  reason- 
able price,  and  by  the  kindness  of  several  friends,  a  portion  of  it  has 
already  been  secured.  In  this  connection  we  would  call  attention 
to  the  manifest  impossibility  of  maintaining  unimpaired  the  use- 
fulness to  students  of  our  Conchological  collection  by  continuing 
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to  rely  upon  occasional  donations  and  exchanges  for  the  supply 
of  newly-discovered  species.  A  museum  which  does  not  ever 
reflect  the  current  state  of  knowledge  misses  its  highest  aim,  and 
may  become  as  valueless  for  progress  as  a  library  composed  of 
books  written  several  generations  ago. 

"Authentic  or  carefully  identified  specimens  of  known  species 
are  much  more  necessary  to  the  student  than  books.  Figures  and 
descriptions,  however  carefully  drawn,  can  only  convey  to  him  a 
portion  of  the  significance  of  the  specimens.  Books  are,  of  course, 
necessary  implements  of  study,  but  to  derive  our  knowledge  of 
zoological  characters  from  them  exclusively  is  to  receive  at  second 
hand  the  impression  which  natural  objects  have  made  upon  other 
minds,  a  condition  which  almost  precludes  safe  progress  in 
zoological  discovery.  Through  several  wise  benefactions,  the 
library  of  the  Academy  has  become  the  most  important  library  of 
natural  science  in  America,  and  means  have  been  provided  for  its 
continuous  growth ;  but  the  Museum  has  always  depended  upon 
fitful  generosity  exclusively;  no  intelligent  direction  has  been 
given  to  its  increase,  simply  for  want  of  money.  In  no  other 
department  of  the  Museum  do  we  suffer,  more  for  the  want  of 
purchasing  power  than  in  that  of  Conchology.  Ten  years  ago  our 
collection  had  become,  by  a  succession  of  favorable  circumstances, 
so  complete  that  it  was  consulted  by  students  as  a  standard 
authority.  Its  reputation  still  exists,  but  with  each  succeeding 
year  it  is  less  deserved,  for  few  of  the  rich  collections  constantly 
being  made  in  regions  new  to  zoological  research  find  their  way 
into  our  cases.  A  fund  yielding  a  few  hundred  dollars  per  annum 
would  sufiflce  to  maintain,  perhaps  to  increase,  the  value  of  our 
Conchological  Museum.  A  gift  for  this  purpose  would,  it  is 
believed,  be  a  good  investment,  productive  in  the  best  sense. 

The  Museum  of  Recent  Conchology  now  contains  139,592 
specimens,  mounted  in  39,501  trays.  The  species  are  named 
throughout,  with  rare  exceptions,  and  are  all  accessible  to 
students." 

There  have  been  no  changes  made  in  the  B3'-Laws  of  the  Section, 
and  the  officers  of  last  year  have  been  re-elected. 

Respectfully  submitted  by 

S.  Raymond  Roberts, 

Recorder. 
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REPORT  OP  THE  BOTANICAL  SECTION. 

The  Vice-Director  has  much  pleasure  in  reporting  the  continued 
progress  of  the  Section  during  the  past  year. 
The  officers-elect  for  1882  are : 

Director,    .         .        .  Dr.  W.  S.  W.  Ruschenberger. 

Vice-Directory    .        ,  Thomas  Meehan. 

Recorder,    .        .         ,  P.  Lamson  Scribner. 
Corresponding  Secretary 

and  Treasurerj  Isaac  C.  Martindale. 

Conseroator,  .  John  H.  Redlield. 

Meetings  have  been  held  every  second  Monday  in  the  month, 
except  in  Jul}'  and  August,  with  a  slightly  increased  attendance 
over  the  previous  3'ear.  Man}'  valuable  verbal  and  written  com- 
munications have  been  made  to  the  meetings ;  some  of  the  more 
important  have  been  afterwards  published  in  the  Proceedings  of 
the  Academy. 

All  the  valuable  work  done  by  the  Section  this  year  has  been 
without  drawing,  except  to  a  trifling  extent,  on  the  funds  of  the 
Aoadem}'. 

The  membership  has  increased  slightl}',  and  the  Treasurer 
reports  a  balance  on  hand  of  $34.92. 

It  is  but  right  that  the  Academy  should  beai"  in  mind  that  its 
Botanical  collection  is  one  of  the  finest  in  the  United  States. 
Numbers  of  excellent  botanists  stand  ready  to  suppl}'  deficiencies, 
if  the}'  can  only  be  furnished  with  lists  of  what  are  needed.  A 
very  little  financial  aid,  to  supply  what  the  voluntary  labor  of  the 
zealous  members  of  the  Section  would  be  overtasked  to  do,  would 
place  it  in  a  condition  to  do  great  honor  to  the  Academy-.  Though 
in  the  continued  absence  of  this  financial  aid,  the  progress  is  much 
slower  than  is  desirable,  the  marked  advance,  as  evidenced  by  the 
Conservator's  report,  is  so  very  gratifying  that  the  Section  has 
adopted  it  as  part  of  its  report  to  the  Academy. 

Respectf\illy  submitted. 

Thomas  Meehan, 

Vice-Director, 

The  Conservator  repoits  a  constant  and  encouraging  growth  of 
the  botanical  collections  of  the  Academy  during  the  past  year. 
The  usual  detailed  list  of  the  accessions  is  appended.    Among  the 
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most  important  of  these,  we  may  refer  to  the  large  and  nearly 
complete  series  of  sections  of  North  American  woods,  collected 
under  the  direction  of  Prof.  Chas,  S.  Sargent,  Commissioner  of 
the  Forestry  Department  of  the  U.  S.  Census  of  1880,  and  by  him 
presented  to  the  Academy.  Mr.  Canby  has  contributed  during 
the  year  527  species  of  plants,  mostly  European,  but  with  many 
rare  species  from  South  Africa  and  Australia.  To  Mr.  Martindale 
we  are  indebted  for  the  5th,  6th  and  7th  Centuries  of  Ellis'  N. 
American  Fungi,  containing  a  series  of  carefully  determined 
specimens  illustrating  that  most  difficult  department  of  Crypto- 
gams. From  the  Cambridge  Herbarium  we  have  received  a  small 
but  interesting  collection  of  plants  from  Afghanistan,  collected 
by  Dr.  J.  E.  T.  Aitcheson  during  the  advance  of  the  British  army 
into  that  country  in  1879.  , 

The  Conservator  has  continued  to  direct  his  main  attention  to 
the  work  of  bringing  into  more  orderly  arrangement  the  somewhat 
chaotic  mass  of  material  in  the  Herbarium,  believing  that  in  this 
way  he  can  best  facilitate  the  labors  of  those  who  may  come  after 
him.  During  the  year  provisional  alphabetical  lists  of  species 
have  been  prepared  for  a  considerable  portion  of  the  general 
Herbarium,  to  Which  the  arrangement  of  tlie  species  in  the  genus 
covers  has  been  made  to  conform.  Those  who  have  occasion  to 
consult  the  Herbarium  will  appreciate  the  great  sanng  of  time 
which  this  arrangement  will  effect.  It  would  be  gratifying  if  this 
labor  could  be  accompanied  by  a  thorough  study  and  working 
over  of  the  material  represented,  but  with  the  limited  time  at  the 
Conservator's  disposal,  this  is  absolutely  impossible,  and  will  be 
better  performed  hereafter  when  the  Academy  shall  be  able  to 
secure  the  constant  services  of  an  experienced  botanists.  Yet  this 
end  has  not  been  altogether  neglected,  and  in  the  mounting  of  the 
N.  American  Herbarium,  which  work  is  still  continued,  careful 
revision  of  names  has  been  kept  in  view,  and  if  error  has  not 
been  altogether  avoided,  it  has  at  least  been  greatly  lessened. 
The  mounting  of  that  portion  of  the  collection  covered  by  the 
issued  part  of  Gray's  Synoptical  Flora,  is  now  complete,  and 
some  little  progress  has  been  made  in  other  portions. 

During  the  year  Dr.  Eckfeldt  has  carefully  examined  and 
catalogued  the  lichens  of  the  collection,  contributing  also  100 
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species  which  were  wanting,  and  Mr.  Scribner  has  continued  his 
labors  upon  onr  grasses,  which  he  is  critically  studying  ami 
mounting. 

Mr.  Ohas.  F.  Parker,  the  Academy's  Curator-in-charge,  has 
been  of  the  most  essential  service  to  the  Conservator  in  carrying 
out  the  work  of  poisoning  all  new  additions,  a  large  proportion  of 
which  he  has  also  mounted ;  and  his  contributions  to  the  N. 
American  Herbarium  have  filled  many  gaps,  and  added  choicer 
8i)ecimens  of  species  already  represented. 

Respectfully  submitted. 

John  H.  Redpield, 

Conserimtor, 


REPORT  OF  THE  ENTOMOLOGICAL  SECTION. 

The  Entomological  Section  during  the  year  has  been  enabled 
to  perform  an  amount  of  work  that  is  quite  gratifying  to  its 
members.  In  this  work  it  has  been  generously  aided  by  the  Amer- 
ican Entomological  Society,  which  has  allowed  it  a  fair  share  of 
its  own  limited  income.  The  cabinets  have  been  I'emodeled,  and 
several  new  cases  added  thereto.  Tliese  have  been  paid  for  by 
the  Society. 

By  the  increase  in  cabinet  room  thus  obtaineil  the  Section  has 
found  space  to  add  to  the  collection,  175  species,  comprising  300 
specimens  or  more,  of  which  60  si>ecies  entirely  new  to  the  collec- 
tion have  already  been  arranged.  A  complete  rearrangement  of  all 
the  species  is  now  being  made  by  Mr.  Howard  Parker.  The 
aforementioned  new  specimens  are  such  as  have  been  added  so  far 
as  this  rearrangement  has  progressed,  viz.,  from  the  Cieindellidse 
to  Anisodactylus  of  the  Carabidae.  inclusive. 

During  the  year  the  Section  held  its  regular  monthly  meetings^ 
excepting  in  August  and  September,  the  usual  vacation  period. 
At  these  meetings  communications,  Ixjtli  written  and  verbal  were 
made.  These,  have  been  i)ublished  in  the  Proceedings  of  the 
Section,  of  which  28  pages  have  thus  far  appeared.  In  addition 
to  these  pages  of  entomological  matter  the  American  Entomolog- 
ical Society  has  published  212  pages  of  its  Transactions;  these 
make  tv  total  of  240  pages  of  printed  matter  during  the  year. 
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At  the  meeting  of  the  Section  held  Deeeml)er  12,  the  following 
officers  were  elected  for  the  year  lj882 : 


Director^ 
Vice- Director^ 
Treasurer^     . 
Recorder^ 
Conservator^  . 


.    J.  L.  Le  Conte,  M.  D. 
.     George  H.  Horn,  M,  D. 
.     E.  T.  Cresson,  M.  D. 
.    J.  11.  Ridings. 
.     Charles  Wilt. 
Respectfully  submitted. 

J.  H.  RlPINQH, 

Hecorder. 


REPORT  OF  THE  MINERALOGICAL  SECTION. 

The  Director  of  the  Miueraloglcal  and  Geological  Section  would 
respectfully  report  that  regular  meetings  have  been  held  monthly 
during  the  year,  except  in  July  and  August.  At  these  meetings 
the  attendance  of  members  and  visitors  has  been  larger  than  in 
any  former  >  ear,  averaging  eleven.  New  discoveries  have  been 
from  time  to  time  announced,  and  many  items  of  interest  discussed. 
For  the  details  of  this  work  he  would  refer  to  the  appended  reports 
of  the  Professors  of  Invertebrate  Palaeontology  and  of  Mineralogy, 
and  to  the  papers  herewith  transmitted,  and  which  will  be  pub- 
lished in  the  Proceedings  for  1882.  Specimens  received  through 
the  section  during  the  3'ear,  though  not  as  large  in  number  as  in 
some  prior  years,  have  made  a  valuable  addition  to  the  cabinet. 

A  special  meeting  was  held  in  March,  in  conjunction  with  the 
meeting  of  the  Academy,  at  which  the  Professor  of  Mineralogy 
delivered  his  inaugural  address.  Two  hundred  members  and 
visitors  were  present. 

The  success  of  this  insured  the  unanimous  approval  by  the 
Section  of  the  proposition  to  combine  the  meetings  of  the  Sections 
with  those  of  the  Academy. 

The  following  officers  have  been  elected  for  the  ensuing  year: 


Director^ 
Vice- Director^ 
Sevretary^ 
TreaHurer, 
Conservator^  . 


Theo.  D.  Rand. 
W.  W.  Jofferis. 
Chas.  SchaefTcr,  M.  D. 
John  Ford. 
H.  Carvill  Lewis. 
Respectfully  submitted. 

Theo.  D.  Rand, 

Director. 
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REPORT   OF    THE    PROFESSOR   OP   INVERTEBRATE 

PALEONTOLOGY. 

The  Professor  of  Invertebrate  Palaeontology  respectfully  reports, 
that  during  the  year  1881,  a  course  of  26  lectures  on  Invertebrate 
Palaeontology  was  delivered  in  the  class  room  of  the  Academy 
(commencing  on  March  8,  and  terminating  June  4),  which  course 
was  attended  by  an  average  of  about  25  listeners,  largely  made  up 
of  teachers  from  some  of  the  more  prominent  institutions  of 
learning  in  the  city. 

The  work  of  classifying  and  arranging  the  old  collections  in  the 
Palaeontological  Department  of  the  Academy  has  made  some  pro- 
gress during  the  year.    The  determination  of  specimens  embraces : 

123  trays  of  (so-called)  Cretaceous  fossils  from  the  T^jon 

group  of  California,  originally  described  by  W.  M. 

Gabb  for  the  Whitney  Survey,  and  largely  composed 

of  type  specimens;  these  last  have  been  specially 

indicated. 
312   trays    of    Tertiary   (Miocene  and    Pliocene)  fossils, 

largely  composed  of  T.  A.  Conrad's  types. 
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The  specimens  contained  in  263  of  these  trays  have  been  care-  • 
fully  mounted  and  labeled  by   Mr.  Chas.  F.  Parker,  Curatoi>in- 
charge;  to  the  remaining  172  trays,  only  provisional  labels  have 
been  attached. 

The  Palaeontological  collections  of  the  Academy  have  thus  far 
suffered  greatly  from  want  of  room  for  their  proper  exposition ; 
something  toward  remedying  the  evil,  by  the  construction  of 
additional  drawers,  has  been  done  in  the  course  of  the  year,  but 
much  more  still  remains  to  be  accomplished.  It  is  especially 
desirable  that  a  suitable  cabinet,  or  other  fixture,  be  obtained  for 
the  exhibition  of  specimens  typically  representing  the  various 
geological  formations,  which  would  not  only  greatly  facilitate  the 
work  of  the  Professor  in  teaching,  but  would  ver3'  materially  aid 
the  students,  special  as  well  as  general,  in  their  studies. 

All  the  additions  to  the  Palaeontological  collection,  made  in  the 
course  of  the  year,  have  been  labeled  and  mounted  by  Mr.  Chas. 
F.  Parker,  Curator. 
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The  Department  of  the  Library  pertaining  *  to  Geology  and 
Palaeontology  has  received  many  valuable  accessions  during  the 
year,  for  a  considerable  portion  of  which  the  Academy  is  indebted 
to  the  liberality  of  Mr.  Joseph  Jeane& 

Anoelo  Heilprin, 
Professor  of  Invertebrate  Paleeontology. 


REPORT  OF  THE  PROFESSOR  OP  MINERALOGY  FOR 

1881. 

In  submitting  to  you  this,  my  first  annual  report  upon  the 
condition  and  needs  of  the  department  under  my  charge,  allow  me 
to  express  my  appreciation  of  the  assistance  which  has  been 
rendered  through  the  active  co-operation  of  your  committee 
on  instruction,  in  the  discharge  of  my  duties  as  Professor  of 
Mineralogy. 

Under  their  auspices  a  course  of  practical  instruction  in  Miner- 
alogy was  given  during  the  months  of  March  and  April.  It 
consisted  of  thirteen  lectures,  and  was  attended  by  a  class  of  about 
35,  being  as  large  in  number  as  could  conveniently  be  accommo- 
dated in  the  room  set  apart  for  the  purpose.  The  course  opened 
with  a  review  of  the  history  of  Mineralogy  and  of  mineralogical 
classification.  Succeeding  lectures  consisted  of  a  detailed  descrip- 
tion of  the  characters  of  minerals  and  an  exposition  of  the  metlipds 
used  in  mineralogical  determination,  with  experiments.  Speci- 
mens from  the  valuable  collection  of  the  Academy  were  used  in 
illustration.  Practical  work  was  successfully  carried  on  by  nearly 
all  the  class.  It  consisted  of  the  determination  of  the  characters 
of  minerals,  the  application  of  chemical  tests  to  detect  their 
constituents,  and  the  performance  of  the  various  operations  of 
blowpipe  analysis.  This  was  supplemented  by  a  day  of  practical 
work  in  the  field. 

The  summer  months  were  employed  in  discovering  and  tracing 
the  line  across  Pennsylvania  of  the  great  terminal  moraine  of  the 
North  American  glacier;  the  work  having  been  accomplished 
with  the  assistance  of  the  Second  Geological  Survey  of  Pennsyl- 
vania, and  of  which  a  report  will  shortly  be  published. 

The  mineral  collection  of  the  Academy  has  been  increased 
during  the  past  year  by  valuable  additions.     The  donations  made 
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by  Mr.  Bement  and  Mr.  Vaux  are  especially  worthy  of  note.  A 
number  of  undetermined  specimens  and  specimens  wrongly  labeled 
have  been  examined  and  properly  placed  in  the  collection.  The 
labels  have  been  written  and  the  specimens  armnged  as  heretofore 
by  Mr.  Chas.  F.  Parker,  in  his  usgal  careful  manner.  It  is  hoped 
in  time  to  form  special  collections,  illustrating  the  various  external 
characters  of  the  minerals. 

A  very  valuable  acquisition  has  been  the  manuscript  catalogue 
of  the  rock  collection  made  by  the  First  Geological  Survey  of 
Pennsylvania.  This  catalogue,  consisting  of  300  pages,  is  an  exact 
copy  of  the  original  catalogue  made  by  Prof.  H.  D.  Rogers, 
which  is  now  in  the  possession  of  the  State  Agricultural  College 
at  Bellefonte.  It  was  copied  under  the  direction  of  Prof.  J.  P. 
Lesley,  who,  at  my  Request,  has  now  deposited  it  with  the 
Academy.  This  catalogue  transforms  a  worthless  collection  of 
rocks  into  a  most  valuable  one.  The  collection,  which  was  given 
by  Prof.  Rogers  to  the  Franklin  Institute,  and  which  is  now 
boxed  in  the  cellar  of  the  Academy,  awaiting  arrangement,  con- 
sists of  5725  specimens,  illustrating  the  lithology  of  the  greater 
portion  of  the  State.  The  specimens  are  all  numbered,  and  can 
be  so  arranged  as  to  correspond  with  the  pages  in  Prof.  Rogers 
Final  Geological  Report,  and  thus  to  prove  of  great  service  to 
students.  It  is  to  be  regretted  that  the  limited  space  now  at  the 
command  of  the  Academy  precludes  any  satisfactory  display  of 
this  collection. 

In  accordance  with  the  by-law  requesting  the  Professor  to  state 
the  needs  of  the  department  under  his  charge,  the  following 
suggestions  are  here  offered : 

It  is  very  desirable  that  a  single  row  of  drawers  should  be 
placed  beneath  the  mineral  cases.  Specimens  of  less  value  than 
those  in  the  cases,  those  valuable  only  for  locality,  and  minerals 
for  the  use  of  students  would  properly  be  placed  in  such  drawers. 
The  systematic  arrangement  and  good  appearance  of  the  collec- 
tion would  thus  be  permanently  established.  It  is  also  recom- 
mended that  some  provision  be  made  for  the  storage  of  duplicates. 
A  series  of  wooden  trays  sliding  in  a  rough  frame  would  be  the 
most  compact  and  suitable  arrangement,  an5  could  conveniently 
accommodate  not  only  the  duplicate  specimens  now  scattered,  but 
also  others  that  may  helreafter  be  received. 
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In  the  department  of  instruction  much  is  needed.  Before  any 
systematic  instruction  in  crystallography  can  be  given,  the 
Academy  should  have  a  set  of  the  Siegen  glass  crystal  models  for 
instruction,  and  a  collection  of  wooden  models  for  practice.  For 
advanced  mineralogical  instruction  it  is  also  necessary  to  have 
certain  instruments,  among  which  a  reflecting  goniometer,  a 
polar iscope,  and  a  lithological  microscope  are  the  most  important. 
A  good  balance  is  also  desirable  tor  accurate  specific  gravity  deter- 
minations. These  instruments  would  be  used  both  for  instruction 
to  advanced  students,  and^  under  proper  restrictions,  for  original 
investigations. 

Henry  Garvill  Lewis, 

Professor  of  Mineralogy. 
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SUMMARY  OF   THE   REPORT   OP  WM.  C   HENSZEY, 

Treasurer,  for  ths  tear  ending  Not.  30,  1881. 

Db. 

To  Bftlftnce  from  last  account $  911  21 

Initiation  fees 120  00 

Contributions  (semi-annual  contributions) 1936  45 

Life  Memberships 100  00 

Voluntary  Contributions  from  Life  Members 5  00 

Admissions  to  Museum 421  3U 

Sale  of  Guide  to  Museum 25  00 

••      Duplicate  Books 5  00 

Donation  from  Entomological  Society 75  00 

W.  L.  Mactier,  for  lectures,  1881  and  1882 25  (0 

Freight  returned 1  00 

Publication  Committee 1124  09 

"  *'        Balance  of  Publication  amount 

in  their  hands 800  64 

Fees,  Lecti^res  on  Palseontology 70  00 

•*            *•        **  Mineralogy 81  00 

Interest  from  Mortgage  Investment,  Joshua  T.  Jeanes* 

Legacy 1000  00 

Wilson  Fund.    Toward  Salary  Librarian 800  00 

Publication  Fund.     Interest  on  Investments 820  00 

Barton  Fund.                 *•        «*            •«          240  00 

Life  Member.  Fund.      ••        «•            •*          60  00 

Maintenance  Fund.       "        "            '*          80  00 

Interest  on  Deposits ', ,  220  28 


f  7870  87 


Cb. 

Salaries,  Janitors,  etc |8394  97 

Freight b5  94 

Repairs 838  98 

Insurance 80  00 

Coal G15  45 

Gas 91  72 

Mounting  Parrot 1  50 

Stationery  and  Postttge  Stamps 121  14 

Alcohol 

Newspaper  Reports 

Water-rent  s... 

Trays 

Binding 

Printing  and  Paper 1291  68 

Plates  and  Engravings 

Lecture  Expenses 

Miscellaneous 

A.  Heilprin.   One-half  Receiptd,  Committee  of  lustruction. 
H.  C.  Lewis.         ♦•  **  ♦'  "  ** 

Life  Membership,  transferred  to  Life  Membership  Fund. 


42  75 

60  00 

26  15 

50  50 

50  00 

1291  68 

42  99 

82  52 

447  20 

74  86 

74  86 

100  00 

6952  16 


Balance,  General  Account $918  71 
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LIFE  MEMBERSHIP  FUND.     (For  Maintenance.) 

Balance  per  last  Statement $1000  00 

Life  Membership  transferred  to  this  account 100  00 

Interest  on  Inyestments ••••        60  00 

PhiU.  and  hrie  Railroad  Bonds  paid  off 2000  00 

$8160  00 

Transferred  to  General  Account $60  00 

Investment  in  Bond  and  Mortgage,  at  five  per  cent.  int.....    2000  00 

2060  00 

To  Balance  for  Inyeetment $1100  00 

BARTON  FUND.     (For  Printing  and  Illustrating  Publications.) 

Balance  per  last  Statement $240  00 

Interest 240  00 

$480  (0 
Transferred  to  General  Account 240  00 

Balance $240  00 

JESSUP  FUND.     (For  Support  of  Students.) 

Balance,  last  Statement $521  67 

Interest  on  Inyestments 560  00 

$1081  67 
Disbursed 500  00 

Balance $S81  67 

MAINTENANCE  FUND. 

Balance  per  last  Statement $526  85 

Interest  on  Inyestments 80  00 

Phila.  and  Erie  Railroad  Bond  paid  off *. 1000  00 

Stuart  Wood.     Subscription 100  00 

$1656  85 

Transferred  to  General  Account $30  00 

Investment  in  Bond  and  Mortgage,  at  five  per  cent.  int....     1000  00 

1080  00 

To  Balance  for  Investment $626  85 

PUBLICATION  FUND. 

Balance,  last  Statement $408  25 

Income  from  Investments 820  00 

Phila.  and  Erie  Railroad  Bond  paid  off. 1000  00 

$1728  25 
Transferred  to  General  Account 820  00 

Balance $1406  25 

Of  this  Balance,  $1800.00  is  for  Investment. 
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MBS.  8T0TT  FUND.     (For  Publicationa. ) 

Spring  Garden  Railroad  Bonds  paid  off. $2000  00 

This  amount  is  for  InYestment. 

I.  V.  WILLIAMSON  LIBRARY  FUND. 

Balance,  last  Statement $209  55 

Rents  Collected 444  76 

Ground-rents  Collected 1179  86 

$1884  16 

For  Books $753  00 

Expenses,   Sale  of    Four    Properties    for    Arrearages  of 

Ground-rents 831  00 

Taxes  on  Four  Properties  sold 341  31 

Repairs  to  Properties 191  10 

Taxes 22  40 

McFadden's  Interest  in  1451  Mt.  Holly  St 50  00 

Collecting 108  89 

1792  70 

balance $41  46 

THOMAS  B.  WILSON  LIBRARY  FUND. 

For  Books $456  90 

Transferred  to  General  Account  toward  Salary  of  Librarian.. 300  00 

Barker  Bros.  &  Co.     Collecting  U.  S.  Bonds 4  50 

Investment  in  Bond  and  Mortgage,  at  five  per  cent,  interest.. 4500  00 

$5261  40 

Balance  per  last  Statement $108  02 

Income  from  InYCftments 540  00 

U.  S.  Bonds  paid  off. 4500  00 

5148  02 

Balance  Overdrawn -. $118  88 

ECKFELDT  FUND. 

Amount  for  Investment  as  per  last  Statement $2466  86 

Investment  in  Bond  and  Mortgage,  at  five  per  cent,  interest 1500  00 

Balance  for  Investment $966  86 

BOOK  ACCOUNT.     (Donations  from  Jos.  Jeanes,  Esq.) 

Jos.  Jeanes.     Donations $780  80 

Less  Cash  paid  for  Books 214  00 

Balance $525  80 

INSTRUCTION  FUND. 

Chas.  Schaffer.     Donation $25  00 

Thos.  Meehan.  *«         10  00 

$86  00 


1881.]  NATURAL   SCIENCES  OP  PHILADELPHIA.  505 

The  election  of  Officers  for  1882  was  held,  with  the  following 
result : — 

President^       .        .         .    Joseph  Leidy,  M.  D. 

Vice-Presidents,      .         .     Win.  S.  Vaiix, 

Thomas  Meehan. 

Recording  Secretary^      .     Edward  J.  Nolan,  M.  D. 

Corresponding  Secretary,  George  H.  Horn,  M.  D. 

Treasurer,      .         .         .     Wm,  C.  Henszey. 

Librarian,      .         .         .     Edward  J.  Nolan,  M.  D. 

Curators,        .         .         .     Joseph  Leidy,  M.  D., 

Wm.  S.  Vaux, 
Chas.  F.  Parker, 
R.  S.  Kenderdine,  M.  D. 

Councillors,  to  serve  three  Charles  P.  Perot, 
years,  J.  H.  Redfield, 

S.  Fisher  Corlies, 

W.  S.  W,  Ruschenberger,  M.  D. 

Finance  Committee,        .     Isaac  C.  Martindale, 

Clarence  S.  Bement, 
Aubrey  H.  Smith, 
S.  Fisher  Corlies, 
George  Y.  Shoemaker. 


ELECTIONS  DURING  1881. 

MEMBERS. 

January  26. — Joseph  J.  Knox,  Geo.  A.  Rex,  M.  D. 

February  22.—Roht.  P.  Field. 

April  26, — Henry  Skinner,  Jesse  S.  Walton. 

May  SI John  G.  Lee,  M.  P.,  Alexander  Biddle,  M.  D.,  W. 

Norton  Whitney,  M.  D. 
June  28, — Jerome  Gray. 

July  26 John  C.  Graham,  E.  C.  Hine,  M.  D. 

October  26, — W.  N.  Lockington. 

November  29.— D.  S.  Newhall,  Edwin  P.  Starr,  W.  H.  Hamed. 

CORRESPONDENTS. 

February  22. — John  Brazier,  of  Sydney,  N.  S.  W.;  Rafael 
Arango,  of  Havana,  Cuba ;  Chas.  Mohr,  of  Mobile,  Ala. 

May  SI. — Thomas  T.  Bouv^,  of  Boston. 

June  28, — Chas.  S.  Sargent,  of  Brookline,  Mass. ;  M.  S.  Bebb, 
of  Rockford,  111. 
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ADDITIONS  TO  THE  MUSEUM. 
December  i,  1880  to  December  i,  1881. 

ifamma/^.— Zoological  Society  of  Philadelphia.  Ilyttrix  erittata,  two  Myopo- 
tamut  coyptu,  portion  of  skin,  eyes,  tongae  and  yisoera  of  young  Ifippopo- 
tamtu ;  IHdelphyt  derbiana. 

Dr.  H.  C.  Chapman.  Stomach  of  Bippopotamut,  stomach  and  generative  organs 
of  Dicotylet. 

Dr.  Jos.  Leidy.     Skeleton  of  Uippopotamut  amphibiut  (young). 

jBirrf*.— Zoological  Society  of  Philadelphia.  RhamphastOB  toco,  Brotogeryt  vtrea- 
centy  Aitur  Novm- ffollandm,  Melopnttacut  undulattu,  Aix  gaUrieulata,  Seopt 
atio,  Chrytotit  coecineifront,  Haliatter  Indus,  Numtda  vuUurina. 

J.  Kieff.     Dendrctca  maeiUosa  and  D.  cmrule^ceru,  Montgomery  County,  Pa. 

Theo.  D.  Rand.     One  egg  each  of  swan  and  ostrich. 

Colin  F.  Stam.     Nest  of  Troekilut  eolubrit,  Chestertown,  Md. 

Chas.  H.  Townsend.     Mounted  specimen  of  Numida  vuUurina. 

Orocodilia,  Ophidian*  and  Fishes. — J.  C.  Martindale.  AUigaior  mississippiensis 
(young). 

Zoological  Society  of  Philadelphia.     Epierates  angulifer. 

U.  S.  National  Museum.  One  hundred  and  sixteen  species  of  fishes  from  the 
Pacific  Coast  of  N.  A. 

R.  M.  Holbrook.     Coryphsena  punctulata. 

Articulates. — Mr.  Booth.     Streptocephalus  (sp.)  Nevada. 

T.  R.  Peale.     Bopyrus  Manhattensis,  Red  Uank,  Monmouth  Co.,  N.  J. 

Carlos  J.  Marsillan.  Two  species  fire-flies,  Pyrophorus  noctUueus  and  P.  rustieus. 

J.  A.  Warder.     Camponotus  Pennsyhqnicus,  Ohio. 

Dr.  Edward  Palmer.     Thirty-two  species  of  diurnal  Lepidoptera,  Mexico. 

Dr.  Jos.  Wilson.  Cocoons  of  jEtias  luna,  Telea  polyphemus,  Platysamia  ceeropia, 
etc. 

H.  F.  Bassett.     Sixty-two  species  of  Oalls. 

O.  Howard  Parker.     Four  species  of  Galls,  Phila. 

Mollusks. — Rafael  Arango.  One  species  of  marine,  and  sixteen  of  terrestrial 
shells  of  Cuba;  four  of  the  latter  being  types  of  new  species  described  in 
the  Academy's  Proceedings.     Ctenopoma  nodi/erum,  Arango  (type),  Cuba 

Thomas  Bland  Sixteen  species  of  terrestrial  shells  from  the  West  Indies; 
forty-one  species  of  land  shells,  of  which  ten  are  author's  types. 

John  Brazier.  Forty-three  specimens  of  shells,  mostly  marine,  from  Australia, 
New  Caledonia,  etc. ;  twenty-one  species  of  Australian  marine  and  ter- 
restrial shells;  twenty-two  species  of  Cyprssa  And  twelve  speces  of  JVivia, 
mostly  Australian;  sixty-eight  species  of  Australian  marine  shells. 

J.  J.  Brown.  Cylindrella  mabuja  and  C.  Oruneri^  from  Gonave,  I.  Haiti ;  Cor^ 
bula  Caribsea,  d'Orb..  from  Port-au-Prince,  Haiti;  Columbella  mut<U>iU,  from 
Salt  Lake,  Matlin's  Isl.,  Bahamas.  Uhio  Canadensis  Lea,  Lake  Ellen,  She- 
boygan Co.,  Wis. 

Mrs.  A.  E.  Bush,  ffeliz  Diabloensis,  Cooper,  and  ff.  aspersa,  Miill.,  from  San 
Jos4,  Cal. 

W.  W.  Calkins.     Conulus  Upsonii,  Calkins,  Winnebago  Co.,  III. 

Dr.  J.  C.  Cox.  Thirty-eight  species  of  Marine  shells,  from  Port  Stephens, 
New  South  Wales. 

Dr.  W.  H.  De  Camp.     Bythinella  attenuaia,  Grand  Rapids,  Mich. 

John  Ford.  Twenty -one  sections  of  shells,  prepared  by  him.  Very  fine  suite 
of  Asaphis  coccinea.  from  Elbow  Key,  Fla ;  four  species  of  Mollusca,  and  a 
fine  section  of  Turbinella  scofymus,  remarkable  series  of  Cyprma  annulus. 

The  late  W.  M.  Gabb.  Seventeen  species  of  land  and  marine  shells  ooUeoted 
by  him  in  San  Domingo. 
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Dr.  W.  D.  Hftrtman.    Siiteen  species  of  Partula^  new  to  our  collection. 

P.  R.  Hoy.     Amnieola  luttrica  and  A,  Cincinnatimuit,  from  deep  water,  Lake 

Michigan. 
Mrs.  M.  A.  Haldeman.     A  collection  of  fresh-water  shells,  part  of  the  cabinet 

of  the  late  Prof.  Haldeman. 
A.  A.  Hinkley.     Ten  species  of  marine  shells,  Cedar  Keys,  Fla. 
Joseph  Jeanes.     Sixty-four  species  and  Yarieties  of  marine  shells,  collected 

by  Henry  Hemphill  en   the  coast  of  California ;  eighty* si:^  species   and 

varieties  of  marine,  land  and  fresh-water  shells  from  the  West  Coast  of 

America. 
F.  R.  Latchford.     Sixty- two  species  terrestial  and  fluviatile  mollusks,  from 

Ontario,  Canada ;  seven  species  of  fresh-water  shells  from  Canada. 
Isaac    Lea.     Twenty-five  species  of  marine  and  terrestrial  shells,  new  to  the 

collection. 
Dr.  E.  Palmer.     Unio  ftucattUt  Lea.    U.  Jayanut^  Lea,   U.  nigrintu.  Lea,   U. 

Blandingianus^  U.  amygdalum  and  H'.  Buckleyi^  from  near  Cassina  River,  Fla. 
C.  F.  Parker.     TwcDty-eight  species  of  marine  shells,  new  to  the  collection. 
John  A.   Ryder!     Area  ptxata^  Say,  Wood's   Holl,  Mass.  and  Cherry  Stone 

Inlet,  £.  Shore  of  Virginia;  Xylotrya  fimbriaUit  Jeflfreys,  firom  8t.  Jerome's 

Creek,  8t.  Mary  Co  ,   Md. 
John  H.  Redfield.     Thirty-one  species  of  marine  bivalve  and  land  shells,  new 

to  the  collection. 
S.  R.  Roberts.     Four  s|>ecimen8  of  Cyprma^  and  three  other  marine  species. 
R.  £.  C.  Stearns.     IhUx  circumcarinata  Sterns,  Stanislaus  Co.,  Cal. 
John  Jay  Smith.     Abalone,  the  animal  of  Haliotia^  eaten  by  the  Califomian 

Chinese. 
Geo.  W.  Tryon,  Jr.     Eighty-two  species  of  shells,  new  to  the  collection. 
Dr.  J.  W.  Velie.     Veronicella  Fioridana,  Bulimus  mtUtiradiatua^  from  Florida. 
W.  S.  Vaux.     Fifty  species  of  shells,  new  to  the  collection;  three  species  of 

land  shells  from  Tunis,  and  one  from  Peru. 
Joseph  Willcox.     Unio  luieolus.  Lam.,  Rideau  Lake,  Ontario. 
F.    M.    Witter.      Amnieola    CincinnatiensiSf    A  nth. ;     Unio    JUistisaippienntf  .U. 

Anodontoides^  U.  lachrytnostu^   from  Muscatine,  Iowa. 
Fottil  Invertebrata. — J.  W.  Vogdes.  U.  S.  A.     Sixteen  specimens  of  Miocene 

fossils  from  Virginia  (Yorktown). 
Angelo  Heilprin.     Thirty  species  from  the  Eocene  of  Clarke  Co.,  Ala.,  eleven 

of  which  are  types ;  nine  species  from  the  Eocene  of  Alabama  and  Florida, 

two  of  which  are  types. 
Conchological  Section  of  the  Academy  of  Natural  Sciences.  Eighty -six  species 

from  the  Carbohiferous  of  Illinois,  etc. ;  two  hundred  and  twelve  species, 

mainly  from  the  Palaeozoic  of  IllinAlH  and  Indiana. 
F.  W.  Payne.    Annelid  tracks  in  Hudson  River  Slate. 

A.   W.    Bailey.     Specimen  of  Fulgur  adversariut  washed  ashore  from  a  sub- 
marine (?)  Miocene  bed,  Atlantic  City,  N.  J. 
J.  W.  Pike.     Thirty.five  species  of  Carboniferous  fossils  from  Mazon  Creek, 

Grundy  Co.,  III. 
Dr.  J.  W.  Hess.     Fossil  (?)  from  the  Carboniferous  of  Vermilion,  111. 
F.  R.  Latchford.    Leda  glacialit,  Champlain   clays,  Ottawa   River,   Eardley, 

Quebec. 
F.  L.  Hess.     Euryptenu^  from  the  Carboniferous  of  Streator,  III. 
Dr.  Jos.  Wilson.     Eighteen  species  of  Crinoids,  and  two  species  of  Mollusca 

from  the  Lower  Carboniferous  of  Burlington,  Iowa. 
Ethnological  and  Miicellaneoiu. — Mrs.  M.  A.  Haldeman.     The  Haldeman  collec- 
tion, consisting  of  many  thousand  specimens,  ancient  and  modern,  of  spears 

and  arrow-heads,  axes,  hammers,  pounders,  chisels,  gauges,  scrapers,  knives, 

awls,  borers,  morters  and  pestles,  muUers,  net-sinkers,  plummets,  disooidal 

stones,  sharpeners,  pierced  tablets,  ceremonial  weapons,  pendants,  sculpture, 

pipes,  pottery,  beads  and  other  ornaments,  shell-money,  basket-work,  bows 

and  arrows,  etc. 
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Dr.  J.  B.  Brinton.     Pestle,  Cooper's  Creek.  Camden,  N.  J. 

Harriet  M.   Harned.     Indian  relic,  Oxford,  Adams  Co.,  Pa. 

Oito  W.  Lowe.     Stone  axe  (serpentine).  Uock  Inland,  111. 

PlanU. — Wm.  M  Canby.  Five  hundred  and  tifty-two  species  of  plants  from 
Europe,  S   Africa,  Australia,  Madeira  and  N.  America. 

Isaac  C.  Martindale.  TStrnera  aphrodisiaca  Ward.  Mexico.  Menttdia  croeea 
KelK,  Calif  Trunk  of  Quercun  helerophyUa  Mx.,  from  ML  Holly,  N.  J.  Ellis' 
N.  American  Fungi,  centuries  V,  VI  and  VIII. 

Hugh   D.  Vail.   Los   Angeles,  Calif.,  through   Benj.   N.   Marsh.     Echinocaetut 

Wisliseni  Enzelm.,   Arizona.      Twigs  and  acorns  of  Quercun   Winliteni  Yar. 

frute9cen»  Engelm.,  Cal.     Twigs  and  acorns  of  Q.  dumota  Nutt,  Cal.     Twigs 

and  acorns  of  Q.  oblongifolia  Torr.,  Cal.     Twig^  and  acorns  of  Q.  agr\foUa 

Nees,  Cal.     Flowering  specimens  of  Eucalyptus  obliqua  (f ),  cult,  in  Cal. 

Dr.  J  U.  Eckfeldt.  One  hundred  species  of  Lichens  from  Northern  U.  States, 
mostly  new  to  the  collection,  with  catalogue;  pod  of  Uymenxa  Courbaril, 
from  West  Indies. 

Thos.  Meehan.  Corallorhita  Mertensiana  Bong.,  Washington  Terr. ;  Paehyttima 
Canbyi  Or.,  cult,  from  plants  found  at  Wytheville,  Va. ;  Saliaburia  adianti/oba, 
in  fruit,  f^om  Wistar's  garden,  Germantown  ;  Arceuthobium  oeadentale  yar. 
abietinum  Engelm.,  Washoe  Valley,  Nevada. ;  Fhoradendron  juniperinum  yar. 
Liboeedri  Engelm.,  Washoe  Valley,  Nevada. 

Isaac  Burk.  Fruit  of  Chrynobalanwt  oblonyifolius^  raised  from  seed  by  Mrs. 
Caroline  Pennock,  Delaware  Co.,  Pa. ;  stem  and  root  of  Aristoloehia  tomentosa 
Sims,  cultivated. 

R.  P.  Smith  and  J.  Jay  Smith,  of  Germantown.  Phila. ;  specimens  of  Euca" 
lyptut  globulus  Lab.,  cult,  in  Cal. ;  E.  amygdalina^  cult,  in  Cal. ;  E.  ro$tratay 
cult,  in  Cal. 

Chas.  F.  Parker.  One  hundred  and  seventy-five  species  of  N.  American  plants 
from  h*s  herbarium,  matiy  of  them  new  to  the  collection. 

Two  ladies,  unknown.  Collection  of  Marine  Algse,  mostly  from  N.  York 
Harbor,  beautifully  mounted  and  superbly  bound  ;  prepared  for  Charles  M. 
Wheatley,  by  Saml.  Lounsbury,  of  N.  Y. 

M  S.  Bebb,  Kockford,  III.  Ilerbanum  Salicum,  Fiua'cu'uM  primus^  being  the 
fir:!it  instalment  of  what  is  intended  to  be  a  full  suite  of  the  North  AmHrioan 
Willows,  with  such  European  forms  as  mny  aid  in  the  understanding  of  their 
affinities  With  full  printed  tickets  and  manuscript  notes,  accompanied 
often  with  magnified  drawingn  of  the  floral  organs. 

Dr.  S.  B.  Buckley,  Austin,  Texxs.  Clemaiit  coccinea,  Englm. ;  Berbirit  Swayzei 
Buckl. ;  Ampelopsis  quinquffolia  Mx.,  var.  kepiaphylln  Buckl. ;  Siyrax  platmi" 
folia  Engelm. ;  Quercus  Durandi  Buckl.,  series  of  specimens  showing  varia- 
tions of  foliage;   Quercus  rubra  L  .  var.  Tezensis  Buckl. ;  all  from  Texas. 

Prof.  C.  S.  Sargent,  Commissioner  of  Forestry  Department  of  Tenth  Census  of 
U.  S.  Series  of  specimens  of  N.  American  woods,  showing  transverse  and 
longitudinal  sections  and  bark,  all  named  at  the  Arnold  Arboretum,  Cam- 
bridge,  and  numbered  to  correspond  with  Prof.  Sargent's  Catalogue  of  Trees 
and  ShrubH  of  N.  America. 

M.  Carey  Lea.  A  large  collection  of  plants,  consisting,  first,  of  species  col- 
lected by  him  in  vicinity  of  Philadelphia;  second,  of  species  collected  by  Dr. 
Engelmann.  Prof.  Tuomey,  and  others,  in  Western  and  Southern  States ; 
third,  of  species  of  European  plants,  collected  by  Prof.  Balfour,  of  Edin- 
burgh. 

Harriet  M.  Harned.     Fungus  (?). 

J.  P.  H.     Fruit  of  the  great  flowering  Mimosa,  Bombay. 

Dr.  Geo.  Vasey,  Agricultural  Department,  Washington,  D.  C.  Twenty  species 
of  grasser*,  collected  by  the  Wilkes  Exploring  Expedition,  years  1838  to  1842. 

C.  Mohr,  Mobile,  Ala.  Specimen  of  the  rare  Darbya  utnbellata  Gray,  staminate 
plant,  near  CuUmann,  Ala. 

Geo.  £.  Davenport,  Boston,  Mass.  Tsenitis  lanceolata  R.  Br.,  a  fern  new  to  the 
U.  S  ,  from  Old  Rhodes  Key,  Florida. 
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Wm.  P.  Fodell.  Double  pear,  preseryed  in  alcohol,  ftrom  garden  in  Kenning- 
ton,  Phila. 

T.  R.  Peale,  Brouatonetia papyrifera  Van!.,  in  fhiit,  caltiyated  at  Red  Bank,  N. 
J. ;  leayes  of  Queretu  heUrophylla  Mx.,  different  forms,  Swedesboro,  N.  J. 

F.  W.  Price.  Linaria  vulgaria  Moenoh.,  pelorio  form  and  form  without  spur, 
West  Chester,  Pa. 

F.  L.  Scribner.  Calamagrottit  Howellii  Vasej,  new  species  from  Oregon; 
Panicum  capillare  L.,  Tariety  from  Phila. ;  Eulalia  Japoniea  Trin.,  cultivated, 
native  of  Jamaica 

Prof.  .Asa  Gray,  Cambridge,  Mass.  A  collection  of  one  hundred  and  two 
species  of  plants,  collected  by  Dr.  J.  £.  T.  Aitcheson,  in  the  Kurum  Valley, 
Afghanistan,  in  1879. 

J.  M.  Hutchings,  Yosemtte,  Cal.  Cone  of  Pifius  Lambertianaj  framed  in  wood 
of  the  Sequoia  gigantea, 

John  H.  Redfield.  Forty-six  species  of  plants  from  N.  Mexico,  Colorado  and 
California,  many  of  them  new  to  the  collection.  Eleven  species  of  ferns 
fVom  California,  Arizona  and  N.  Mexico,  new  to  the  collection.  Seventeen 
species  of  ferns  and  lycopods,  collected  in  New  Zealand  by  A.  Craig. 

Minerals. — C.  S.  Bement  Corundum,  Mineral  Hill,  Del.  Co  ,  Pa. ;  Hydro- 
hematite,  Chestnut  Hill.  Lane.  Co.,  Pa  ;  Rutile  and  quartz,  Graubiinden ; 
Pyrolusite,  Ilmen.  Thuringia ;  Pyrolusite  (poliaaite),  Bohemia;  Ouvarovite, 
.  Wakefield,  Can.,  Oxford,  Can. ;  Pyrosmalite,  Nordmarken,  Sweden ;  Stilbite 
and  apophyllite.  Cape  d'or,  N.  S. ;  Samarskite,  Mitchell  Co.,  N.  C, ;  Apatite, 
Renfrew,  Can.;  Autunite,  Cornwall,  Eng. ;  Ankerite,  Erxberg,  Styria; 
Aragonite,  colored  by  cobalt,  Schwartz.  Tyrol;  Meteoric  iron,  Aug.  Co., 
Va. ;  Blende,  Ulster  Co.,  N.  Y. ;  Greenockite,  Friedenville,  Pa. ;  Arseno- 
pyrite,  Cornwall,  Eng  ;  Magnetite,  Binnenthal;  Rutile  in  pericline,  Pfitsch, 
Tyrol ;  Limonite  on  quartz,  Schneeberg,  Sax. :  Wollastonite.  Lewis  Co.,  N.  Y. : 
Garnets,  Phila.,  Jefferson  Co..  N.  Y.,  and  Kremnitz.  Hungary;  Axinite,  near 
Bethlehem,  Pa.;  Felspar,  Silesia,  Austria;  Datholite,  Isle  Royal,  L.  S. ; 
Serpentine,  Grand  Cal.  Is.,  Can.;  Serpentine  pseud.,  after  Monticellite, 
Monzoni,  Tyrol ;  Titanite,  Renfrew,  Can. ;  Wolframite  pseud.,  after  Scheelite, 
Trumbull,  Conn. ;  Barite  (cawk),  Derbyshire,  Eng  ;  Blue  Calcite,  Rossie, 
N.  Y. ;  Azurite,  Moldaira;  Orpiment,  Felsob&nya.  Hungary;  Petzite,  Col.; 
Spinel  and  Idocrase.  Vesuvius;  Manganite,  Sweden;  Limonite,  Chestnut 
Hill,  Lane.  Co..  Pa.,  and  Superior  Mine.  Mich. ;  Cookeite.  Mt.  Mica,  Me. ; 
Wollastonite,  Vesuvius ;  Pyroxene,  Renfrew,  Can. ;  Tourmaline  (nine  crys- 
tals), Pierpont,  St.  Lawrence  Co..  N.  Y. ;  Titanite,  Medels,  Surry  and  Ontario, 
Can. ;  Finite,  Schwartzenbach,  Bavaria ;  Pyromorphite,  Cumberland.  Eng. ; 
Brochantite,  Sonnenberg ;  Calcite,  St.  Louis,  Mo. ;  Concretions  of  Siliceous 
carb.  of  lime,  Easton,  Pa.;  Concretions  (very  beautiful),  head  of  Conn. 
River,  N.  Y. ;  Thenardite,  Tarapaca,  S.  A. ;  Zircon  (twin  crystal),  Renfrew, 
Can. ;  Apatite,  Renfrew,  Can. ;  Scapolite,  St.  Lawrence  Co.,  N.  Y. ;  Sphene 
and  wollastonite,  Lewis  Co  ,  N.  Y. ;  Millerite,  Antwerp,  N.  Y. ;  Pyroxene, 
Can. ;  Zircen,  Grenoble,  Can. ;  Muscovite,  Portland,  Conn. ;  Zircon  with 
apatite,  Renfrew, Can  ;  Coliimbite,  Middletown.Conn.,  and  Portland,  Conn.; 
Campylite,  Cumberland,  Eng. ;  Specific  gravity  apparatus  of  Jolly. 
Wm.  S.  Vaux.  Fine  specimens  of  Uanburiie,  Russell,  St.  Lawrence  Co.,  N.  Y. ; 
Fine  specimen  of  apatite  in  calcite,  Canada;  Twin  Zircon,  Renfrew,  Canada; 
Native  gold  in  quartz.  Gaston  Co.,  N.  C. :  Native  copper.  Australia;  Native 
sulphur,  Napa  Co.,  Cal. ;  Byssolite,  Chester  Co  ;  Chrysocolla,  Berks  Co. 
Pa.;  Prehinite,  Charleston,  Mass.:  Haiiynite,  Laacher  See,  Prussia;  Anda- 
lusite,  Tyrol ;  Stilbite,  Reading,  Pa. ;  Dolomite  (gurhofite).  Sussex  Co.,  N.  J. ; 
Siderite,  Scraaton,  Pa. ;  Aragonite  with  Chalcopyrite  and  magnetite,  Berks 
Co.,  Pa, ;  Cerussite,  Chester  Co..  Pa.;  Malachite,  Berks  Co.,  ]*a. ;  Azurite 
and  Chrysocolla.  Lebanon  Co.,  Pa. ;  Galenite,  coated  with  Pyromorphite, 
Stolzite  with  Wulfenite,  Pyromorphite  and  galenite,  all  from  Wheatley  Mine, 
Chester  Co.,  Pa. ;  Pebble  of  anthracite,  Tamaqua,  Pa. 
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Mn.  Hugh  Davids  Octahedrite  (Wiserine),  Binnenthal,  Switzerland ;  WoU 
framite,  Germany. 

J.  B.  Oioker.  Aotinolite,  washed  from  decomposed  rock,  Chestnut  Hill,  Diel- 
aware. 

Joa.  P.  Hazard.  Anthracite,  Wales ;  Metallic  tin,  Cornwall ;  Limestone,  Hima- 
laya Mis. 

A.  Meyer.  Twenty-nine  specimens  of  fossil  iron  ores  and  associated  rocks, 
Lycoming  Co.,  Pa. 

Mr.  Fiss.     Beryl  (very  large  crystal),  Amelia  Co.,  Va. 

8.  Tyson.     Bastn'asite  and  Tysonite,  Colorado. 

Jos.  Willcox.  Corundum;  ditto,  coated  with  damourite;  ditto,  coated  with 
margarite,  Iredell  Co.,  N.  C 

Geo.  Woener.     Impure  lim on ite;  bituminous  shale,  Pa. 

£.  S.  Reinhold.     Alunogen,  Mahanoy  City,  Pa. 

A.  H.  Smith.  Flattened  garnet  in  muscovite,  Del.  Co.,  Pa. ;  Boulders  dredged 
from  bed  of  Del.  Biver,  below  Chester,  Pa. ;  Gneiss,  Schooner  Ledge,  Del. 
River. 

Peter  Walker.  Dendritic  manganese  in  sandstone,  conglomerate,  etc.,  Wayne 
Co.,  Pa. 

J.  W.  Pike.     Limonite  nodule,  Newfield,  N.  J. 

8.  Ball.  Hematite  in  gieen  quartz;  siderite  ;  rhodonite;  all  flrom  near  Wind- 
sor, Me. 

G.  Howard  Parker.  Aquacreptite ;  autunite;  menaccanite;  apatite;  all  from 
vicinity  of  Phila. ;  Native  tellurium,  Boulder  Co.,  Col. 

Theo.  D.  Rand.  Nine  specimens  of  rocks,  vicinity  of  Phila. ;  Gypsum  (arti- 
ficial), f^om  a  salt-pan ;  Quartz  in  mica,  Amelia  Co.,  Va. ;  Stalactite,  moun- 
tain cork,  and  nine  specimeos  of  rocks,  Del.  Co.,  Pa. 

W.  P.  Adams.     Dolomite,  Harford  Co.,  Md. 

£.  M.  Bye.  Magnetite,  enstatite,  talc  with  altered  aotlnolite,  serpentine, 
picrolite;  all  from  Harford  Co.,  Md. 

H.  C.  Lewis.  Halotriohite,  East  Park,  Phila. ;  Halotrichite,  melanterite  and 
sulphatite  (efflorescence  on  marl).  West  Jersey  marl  pits;  Fahlunite,  Ger- 
mantown,  Phila. ;  Recent  rain  prints,  marl  pits,  Pemberton,  N.  J. 

W.  W.  Jefferis.  Aragonite,  py  rite,  Chester  Co.,  Pa.;  Garnet,  Del.  Co.,  Pa. ; 
Epidote,  Baltimore  Md. ;  Calcite,  Wisconsin ;  Quartz,  Mill  Creek  Hundred, 
Del. 

0.  M.  Wheatley.  Chalcocite,  pseudomorph  after  wood,  Little  Whitia  River, 
Archer  Co.,  Tex. 

W.  H.  H.  Bates.     Pyrrhotite,  China,  Me. 

J.  M.  Hartmann.     "  Salamaoder.*'  or  sUg,  from  blast  furnace,  Oxford,  N.  J. 

Mrs.  M.  A.  Haldeman.     Spinel  ruby,  Ceylon. 

Dr.  Kreizer.     Black  marble,  Myerstown,  Lebanon  Co.,  Pa. 

In  exchange.  Vesuvianite,  Templeton,  Can. ;  White  Garnet,  Hull,  Can. ; 
Apatite  (twin  crystal),  Renfrew,  Can. ;  Smithsonite,  Sultanella,  Spain ; 
Aragonite,  Fort  (yollins.  Col. 

Carpenter,  Henzey  &  Co.     Chemicals  for  use  of  Professor  of  Mineralogy. 
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Agardh,  J.  G.     Species  genera  et  ordines  Algarum.  Ill,  2.    I.  V.  Williamson 

Fand. 
Alumni  Association  of  the  Philladelphia  College  of  Pharmacy,  17th  annual 

report.     The  Association. 
American  Museum  of  Natural  History,  12th  annual  report.    The  Trustees. 
Angelin,  N.  P.    ,,  Fragmenta  Silurica  e  dono  Caroli  Henrici  Wegelin. 

Qeologisk  OfTersigts-Karta  ofver  Skane,    etc.      Swedish    Academy    of 

Sciences. 
PalBBontologica  Scandinayica.     P.  I,  Fasc.  1  and  2.     The  Author. 
Arango,  R.     Moluscos  uniyaWos  marines.     Pp.  145  et  seq.     The  Author. 
Archiac,  A.  d*.  P.  Fischer  and  £.  de  Verneuil.      Asie  Mineure  description 

phys.;  Pal^ontologie.     Text  and  atlas.     Joseph  Jeanes. 
Archiv  der  Naturw.  Landesdurchforschuog  Ton  Bohmen.     IV,  3  and  6.     I. 

V.  Williamson  Fund. 

Astor  Library,  82d  annual  report.    The  Trustees. 

Baillon,  M.  H.     Dictionnaire  de  Botanique.     13me  Fasc.     I.  V.  Williamson 

Fund. 
Baird,  S.  F.     Report  of,  as  secretary  of  Smithsonian  Institution.     1880.    The 

Author. 
Baker,  J.  G.     Flora  of  Mauritius  and  the  Seychelles.    Joseph  Jeanes. 
Barber,  E.  A.     Pueblo  pottery. 

Antiquity  of  the  tobacco-pipe  in  Europe.    The  Author. 
Barcena,  M      Ciudad  de  Guadalajara. 

Fendmena  periddicos  de  la  Vegetacion.     The  Author. 
Batsch,  J.     Ueber  Cysticerken  im  menschlichen  Koerper.    UniYcrsity  of  WUrz- 

burg. 
Baumiiller,  B.     Ueber  die  letzten  Veranderuagen  des  Meckerschen  Knorpels. 

UniTersity  of  Wiirxburg. 
Beadle,  Rev.  E.  R.,  memorials  of.     2d  Presbyterian  Church. 
Bentham,  G.  and  F.  Mueller.     Flora  Australiensis.    Vols.  1-7.    Joseph  Jeanes. 
Berg,  Carlos.     Apuntes  lepidopterol6gicos.    The  Author. 
Bland,  Thos.     New^species  of  Triodopsis.     The  Author. 
Bodley,  R.  L.     The  college  story.     The  Author. 
Bohnensieg,  G.  C.  W.     Kepertorium  annuum  literatur®  botanicsB  periodica. 

VI.  I.  V.  Williamson  Fund. 

Bornet.  E.  and  G.  Thuret.     Notes  Algologiques.     2me  Fasc.    I.  V.  Williamson 

Fund. 
Borre,  A.  Preudhomme  de.     Esp^ces  de  la  tribu  des  Fdronides  qui  se  rencon- 
trent  en  Belgique.     2me  partie 
Vingt-Ciaq  premieres  ann^es  de  la  Soci^t^  entomologique  de  Belgique. 
Note  sur  la  femelle  du  Rhagiosoma  Madagascar! ense. 
Esp^ce  nouvelle  du  genre  Trichillum.     Note  sur  le  genre  Macroderes 

Wstw. 
Organisation  et  I'histoire  naturelle  des  animaux  articul^s      The  Author. 
Boucard,  A.     Coleoptera  of  the  genus  Plusiotis.     The  Author. 
Bouy4,  T.  T.     Historical  Sketch  of  the  Boston  Society  of  Natural  History.    The 

Author. 
Bowditch,  H.  I.,  M.  D.     Public  hygiene  in  Americ%.     The  Author. 
Brady,  G.  S.     Monograph   of  the  free  and  semi-parasitic  *  Copepoda  of  the 
British  Islands.     Vols.  2  and  8.     I.  V.  Williamson  Fund. 

34 
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Brefeld,  Q.    Botanisohe  Unt^rauchungen  iiber  Schimmelpilie.     4  H.    I.  V. 

Williamson  Fund. 
British  Association  for  the  Adyancement  of  Science,  report  of  the  50th  meeting, 

1880.     I.  V.  Williamson  Fund. 
British  Museum.     Catalogue  of  birds.     Vol.  V. 

Lepidoptera  heterocera.     I*t.  V.     The  Trustees. 
Britton,  N.  L.     Preliminary  catalogue  of  the  flora  of*  New  Jersej.     Geological 

Survey  of  N.  J. 
Bronn,  H.  G.     Klassen  und  Ordnungen  des  Thier-Reichs.     6er  Bd.  II  Abth. 

1-3  Lief. ;  6er  Bd.  Ill  Abth.  18-21  Lief.     Wilson  Fund. 
Bruhl,  B.     Zootomie  aller  Thierklassen ;  Atlas,  Lief.  16-20    I.  V.Williamson 

Fund. 
Brunner,  D.  B.     The  Indians  of  Berks  County,  Pa.^    The  Author.  ' 

Buckton,  Geo.  B.     Monograph  of  the  British  Aphides.     III.     Wilson  Fund. 
Calkins,  W.  W.     New  species  of  Zonites  from  Illinois.    The  Author. 
Capellini,  G.     Balenoterra  fossile  delle  Colonbaie  presso  Volterra. 

Gli  strati  a  congerie  e  le  marme  oompatte  mioceniche  del  dintomi  di 

Ancona. 
Breccia  ossifera  della  oaYerna  di  Santa  Teresa.    The  Author. 
Carr,  Lucian.     Notes  on  the  crania  of  New  England  Indians. 

Observations  on  the  crania  from  the  Santa  Barbjira  Islands,  Cal.     The 
Author. 
Catalogue  of  the  birds  of  the  British  Museum.     Vol.  V.     I.  V.  Williamson 

Fund. 
Catalogus  des  Bibliothek  van  het  K.  Z.  Genootsohap  Natura  Artis  Magistra  te 

Amsterdam.     The  Society. 
Certes,  M.  A.     Coloration  des  in^usoires  et  des  elements  anatomiques,  pendant 

la  vie.    The  author. 
Challenger,  report  on  scientific  results.     Zoology,  Vols.  1  and  2.     I.  V.  Wil- 
liamson Fund. 
Chambers,  V.  T.     New  species  of  Tineina.     The  Author. 
Chief  of  the  Bureau  of  Statistics,  aonual  statement,  June  30,  1880. 

Quarterly  reports,  Sept.  30,  1880-June  30,  1881.    Treasury  Department. 
Chief  of  Engineers,  U.  S.  A.,    annual  report,  1880.      Pts.  1,  2  and  8.      War 

Department. 
Chief  of  Ordnance,  annual  report,  June  30,  1880.     War  Department. 
Chile.     Estadistica  comercial,  1870. 

La  question  de  limites  entre  Chile  i  la  Republica  Argentina.     T.  II,  1880. 
Anuario  de  la  Oficina  Central  Meteorologica,  1873-74. 
Relaciones  esteriores,  1880. 

Memoria  de  justicia,  culto  e  iotstrucoion  publica,  1880. 
Memoria  del  Ministerio  del  Interior,  1880. 
Anuario  hidrografico.     Ano  VI. 
Memoria  del  Ministerio  de  Hacienda,  1880. 
Memoria  de  guerra  i  marina,  188u. 
*£l  arbitraje  intertiacional  en  el  pasado  en  el  presents  i  en  el  ponrenir, 
1877. 
Cuenta  jeneral  de  las  entrados  i  Gastos  fiscales,  187^. 
Anuario  estadistico,  1877-78.     T.  XX. 
Immigracion  Asiatica,  1880. 

Sesiones  ordinarlas  d^  la  Camara  de  Diputados.     Nos.  1  and  2. 
Sesiones  ordinarias  de  la  Camara  de  Senadores,  en  1879.     Nos.  1  and  2. 
University  of  Chile. 
Cohn,  F.      Beitrage  zur  Biologic  der  Pflanzen.      Ill,  2.      I.  V.   Williamson 

Fund. 
Colonial  Museum  and  Geological  Survey  of  New  Zealand,  15th  annual  report. 

Meteorological  report,  1880      The  Author. 
Comes,  0.     Funghi  del  Napoletano  e  doscrizione  di  due  nuove  specie.     The 
Author. 
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Commissioii  de  la  Carte  Oeologique  de  la  Belgique.    Texte  explicatif  du  Ley^ 
g^ologique  des  Planchettes  d'Aerschot,  Lubeok,  Boisschot,  Kermpi  (Bol> 
derberg).     The  Survey. 
Commissioner  of  Edue4tion«  reports,  1878-1879. 
Circulars  of  information,  3-8. 

Statistics  of  elementary  education.     Department  of  Interior. 
Commissioners  of  Fisheries  of  the  State  of  Maine,  reports,  1872,  1874-1880. 

The  Commissioners. 
Commissioner  of  Fisheries  of  Maryland,  report  of  the,  1876-77,  1879,  1880. 

The  Author. 
Commissioners  of  Fisheries,  Massachusetts,  reports  of,  1869,  1870.     6th,  7th- 

15th.     The  Commissioners. 
Commissioner  of  Fisheries,  New  York,  reports  7th-llth.    The  author. 
Cope,  E.  D.     On  the  Canidse  of  the  Loup  Fork  Epoch. 

Review  of  the  Rodentia  of  the  miocene  period  of  North  America. 

PalsBontological  bulletin.  No.  88. 

On  the  effect  of  impacts  and  strains  on  the  feet  of  mammalia. 

The  Rodentia  of  the  American  miocene.      A  new  Clidastes  from  New 

Jersey. 
The  temporary  dentition  of  a  new  Creodont. 
On  the  extinct  cats  of  America. 
Mammalia  of  the  lower  eocene  beds. 

Second  contribution  to  the  history  of  the  yertebrata  of  the  Permian  forma- 
tion of  Texas. 
On  some  new  batrachia  and  reptilia  from  the  Permian  beds  of  Texas,  etc. 
Systematicarrangement  of  the  order  Perissodactyla. 
New  batrachia  and  reptilia  from  the  Permian  beds  of  Texas,  etc.     The 
Author. 
Cross.  J.  K.     Imports,  exports  and  the  French  treaty.     Cobden  Club. 
Daily  bulletin  of  weather  reports,  June  and  July,  1877.     Dr.  F.  V.  Hayden. 
Daniels,  C.  E.     Het  leven  en  de  Verdiensten  yan  Petrus  Camper.     Proyinoial 

Utrfchtsch  Genootschap. 
Danielssen,  D.  C.  and  J.  Keren.     Norwegian  North-Atlantic  expedition,  1876- 

1878.     Ill,  Zoology,  Gephyrea.     Norwegian  Goyeroment. 
Danzig  in  naturwissenschaftlicher  und  medizinischer  Beziehung.     Association 

of  German  Naturalists. 
Darwin,  Chas.     The  power  of  moyement  in  plants.     I.  V.  Williamson  Fund. 
Dawkins,  W.  Boyd.     Classification  of  the  tertiary  period  by  means  of  the  mam- 
malia.    The  Author. 
De  Camp,  W.  H.     List  of  fnheU-bearing  mollusca  of  Michigan.     The  Author. 
De  CandoUe,  A  &  C.     MonographisB  phanerogamarum  prodromi.    III.    Wilson 

Fund. 
Department  of    Agriculture.      Special  report,    Nos.  84.  37-89.      Contagious 
diseases  of  domesticated  animals. 
Preliminary  report,  1880. 
Report,  1879. 

Report  on  the  condition  of  the  crops,  Koy.  1,  1880.     Department  of  Agri- 
culture. 
Department  of  Mines.  New  South  Wales,  annual  report,  1878-1879,  with  atlas. 

The  Department. 
Department  of  Mines,  Noya  Scotia,  report,  1880.     The  Commissioners. 
Dictionary  of  the  English  and  Danish  languages.     I.  V.  Williamson  Fund. 
Doherty,  Dr.  Hugh.     Philosophie  Organique.     The  Author. 
Dokoupil,  Wm.     Die  Lehrmittel  und  Schulerarbeiten  auf  der  1878erbe8tritzer 

Landwirtschaftlichen  und  geweblichen  Ausstellung.  The  Author. 
DolUnger,  J .  V.    Das  Haus  Wittelsbach.    Royal  Bayarian  Academy  of  Sciences. 
Druffel,  A.   V.      Ignatius  yon   Loyola  und   der   Romaischen  Curie.     Royal 
I3ayarian  Academy  of  Sciences. 
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DuncAD,  P.  M.     Soientifio  results  of  the  2d  Yarkand  Mission.     Syringosphs- 

ridsB.     The  Author. 
Dunnington,  F.  P  ,  W.  M.  Thornton  and  J.  R.  Page.  Lectures  delivered  before 

the  Albemarle  Agricultural  Society.     The  Authors. 
Dutton.  C.  £.     Report  on  the  geology  of  the  high  plateaus  of  Utah,  with  altas. 

C.  F.  Parker. 
Dwight,  S.    Statistical  account  of  the  City  of  New  Haven.    Connecticut  Aoad. 

emy  of  Sciences. 
Eichwald,  E.   d*.     Lethada  Rossica.     3  toIs,  text  and  8  yols,  atlas.    Joseph 

Jeanes. 
Elderhorst's  qualitative  blow-pipe  analysis.     6th  Ed.     In  exchange. 
Elliot,  D.  0.     Monograph  of  the  FelidsD,  VII.     I.  V.  WiUiamnon  Fund. 
Encyclopedia  Britannica     9th  Ed.     XII.     I.  V.  Williamson  Fund. 
Encyklopesdie  der  Naturwissenschaften,  I,  14-24.     I.  V.  Williamson  Fund. 
Eogelskt  och  Svenskt  Handlexikon.     I.  V.  Williamson  Fund. 
Ernst,  A.     Memoria  botanica  sobre  el  Embarbascar.     Las  familias  mas  im- 

portantes  del  Reina  vegetal.     The  Author. 
Farey,  J.,  Sen.    Agriculture  and  mineral  lands  of  Derbyshire.     Vols.  1,  2  and 

8.     In  exchange. 
Farlow,  W.  J.     Marine  algSB  of  New  England. 

The  Gymnosporangia  or  cedar-apples  of  the  United  States.  The  Author. 
Faught,  L.  A.     Index  to  physiology.     The  Author. 
Field,  D.  D.    Statistical  account  of  the  County  of  Middlesex  in  Connecticut. 

Connecticut  Academy  of  Sciences. 
Fleming,  S.    The  adoption  of  a  prime  meridian  to  be  common  to  all  nations. 

The  Author. 
Florence,  A.     Ueber  die  Bacterien  des  blauen  Eiters.     University  of  Wurs- 

burg. 
Financial  reform  almanack,  1881.     Financial  Reform  Association. 
Fischer,  P.     Manuel  de  conchyliologie.     Pt.  1.     The  Author. 
Fischer,  M.  and  H.  Crosse.  Mis.  scieot.  au  Mex.  Recherches  xool.  7me  partie. 

Mollusques,  T.  II,  pp.  1-80,  pFs  82-36.     The  Authors. 
Freytag,  Bergrath.     Bad  Oeynhausen  (Rehme)  in  Westfalen.     The  Author. 
Fritsch,   Ant.     Fauna  der  Gaskohle  und  der  Kalksteine  der  Permformation 

Bohraens.     I,  8.     I.  V.  Williamson  Fund. 
Fuchb,  C.  W.  C.  and  T.  W.  Danby.     Practical  guide  to  the  determination  of 

minerals  by  the  blowpipe.     In  exchange. 
Gabb,  W.  M.     Caribbean  miocene  fossils. 
Gassies,  M.  J.  B.   Supplement  au  catalogue  des  mollusques  terrestres  et  d*  eau 

douce  du  D^partdment  de  Lot-et-Garonne. 
Note  sur  des  Metis  de  Rumina  decoUata. 

Note  sur  la  faune  concbyliologique  ter.  et  fluv.  de  la  Nouvelle  Cal^donie. 
Des  causes  de  disparitiou  de  certaines  esp^ces  de  mollusques  terrestres 

dans  la  Guynnne  et  de  Tacclimatation  de  certaines  autres. 
Faune  concbyliologique  de  la  Nouvelle  Cal^donie,  8me.     Partie.     I.  V. 

Williamson  Fund. 
Genth,  F  A.  and  W.  C.  Kerr.     The  minerals  and  mineral  localities  of  North 

Carolina      The  Authors. 
Geographical  Surveys  of  the  100th  Mer.     1874.    Appendix  F«;  1877,  Ap.  N*; 

1879,  Ap.  6^  and   topographical  and  land  classification,  atlas  sheet. 

Engineer  Dep.  U.  S.  A. 
Geological  Exploration  of  the  40th  Par.  Report,  Vol.  VII.     Engineer  Depart- 
ment, U.  S.  A. 
Geological  and  Geographical  Survey  of  the  Territories.  Bulletin,  VI.  1.  Depart- 
ment of  Interior. 
Geological  and  Natural  History  Survey  of  Minnesota.     8th  annual  report.     N. 

H.  Mitchell. 
Geological  Survey  of  Canada.     Report  of  progress  for  1878-79,  with  maps. 
List  of  publications,  1879.     Geological  Survey  of  Canada. 
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Geological    Survey   of  India.     Records,   XII.  4;   XIII.  1,  2,  8,4;  XVI.  1. 

Memoirs,  8vo.  XV.  2 ;  XVI.  2,  3 ;  XVII.  1  and  8.     Memoirs,  4to.    Pal. 

Ind.     8er.  II.  1-4.     Vol.  1 ;  Ser.  II ;  8er.  X,  Vol.  1  ;  XI,  XII,  Vol.  Ill ; 

8er.  XI.     Pts.  1,  2,  Vol.  II ;  Ser.  XII.  Vol.  8 ;  Ser.  XIII,  Vols.  1  and  2. 

The  Survey. 
Geological  Survey  of  New  Jersey.    Annual  report  of  the  State  Geologist  for  the 

year  1880     The  Author. 
Geyler,  H.  Th.  Botanisohe  Mittheilungen.     The  Author. 
Grote,  A.  R.     Genesis,  I  and  II.     2d  Ed.     The  Author. 
Gill,  Theo.     Giinther's  literature  and  morphology  of  fishes.     The  Author. 
Gosselet,  M.  J.     Les  roches  cristallines  des  Ardennes. 
Les  sables  tertiaires  du  Plateau  de  V  Ardenne. 
Documents  nouveaux  pour  V  ^tude  du  Famennien. 
L*Argile  il  silex  de  Vervins. 
La  roche  il  F^pin. 

Terrain  diluvien  de  la  Vailed  de  la  Somme. 
De  r  usage  di|  Droit  de  priority  d'Halloy. 
Notice  n^crologique  sur  Jean-Baptiste-Julien  D'Omalius. 
Esquisse  gdologique  du  Nord  de  la  France,     ler.  Fasc.    The  Author. 
Qrassi,  E.   II  primo  anno  della  clinica  ostetrica  diretta  dal  Prof.  Cav.  Vinoenso. 

R.  1st.  di.  Perfez.  in  Firenze. 
Gratiolet,  L.  P.     Recherches  sur  Tanatomie  de  THippopotame,  1867.     Dr.  H. 

C.  Chapman. 
Green,  S,     Trout  culture.     The  Author. 
Green,  S.  S.     Library  aids.     Department  of  the  Interior. 
Grote,  A.  R.     Preliminary  list  of  North  American  species  of  Agrostis.    The 

Author. 
Haeckel,  E.      Das  system  der  Medusen,  2e  Halfle  des  ersten  Theils,  text  and 

atlas.     I.  V.  Williamson  Fund. 
Hall,  J.     Natural  History   of  New   York.     PaloBontology.      V.   2,   text  and 

plates.     The  Author. 
Hart,  C.  H.     Memoir  of  Samuel  Stehman  Haldeman.     Mrs.  Haldeman. 
Hartman,  Dr.  W.  D.     Catalogue  of  the  genus  Partula  Fer.     The  Author. 
Harvard  Uaiversity.     Library  bulletin.  No.  17.     The  University. 
Hawes,  G.  W.     Liquid  carbon  dioxide  in  smoky  quartz. 

The  Albany  granite,  New  Hampshire,  and  its  contact  phenomena.     The 

Author. 
Hubert,  Edm.     Craie  sup^rieure  du  versant  septentrional  des  Pyr^n^es.     The 

Author. 
Hector,  J.     Report  of  geological  explorations  (New  Zealand),  during  1879-80. 

The  Author. 
Heer,  0.     Flora  fossilis  arctica.     6er  Bd.  1  Abth.     I.  V.  Williamson  Fund. 
Hemphill,  H.     Description  of  a  new  California  mollusk.     The  Author. 
Henry,  James.     Aeneidea.     Vol.  2,  pp.  629  et  seq.     The  Author. 
Henry,  Jos.,  a  memorial  of.     1880.     The  Smithsonian  Institution. 
Hermann,  L.     Handbuch  der  Physiologie.    V,  2er  Th.  1  Lief. ;  VI,  1  and  2  Tb. 

I.  V.  Williamson  Fund. 
Hewitson,  W.  C.    Specimen  of  a  catalogue  of  Lycaenidss  in  the  British  Museum. 

1862.     I.  V.  Williamson  Fund. 
Hinde,  G.  J.     Fossil  sponge  spicules  from  the  Upper  Chnlk.     The  Author. 
Hoffman,  W.  J.,  M.  D.     Annotated  list  of  birdn  of  Nevada.     The  Author. 
Hooker,  Sir  J.  D.     Flora  of  British  India.     Part  VIII.     East  Indiau  Govern- 

ment. 
Hoppp-Seyler,  F.     Physiologische  Chemie.     IV  Th      I.  V.  Williamson  Fund. 
Hough,  F.  B.     Report  upon  forestry.     Vol.  II.     Department  of  Agriculture. 
Hull,  Edw.     Coal-fields  of  Great  Britain.     4th  Ed.     The  Author, 
Hunfalvy^  P.     Literarische  Beriohte  aus  Ungarn.     IV  Bd.  1-4.     Hungarian 

Academy  of  Sciences. 
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Hyatt,  A.     Genesis  of  the  tertiary  species  of  Planorbis  at  Steinheim.     Geo.  W. 

Tryon,  Jr. 
Ilarione,  S.  Giovanni.     Uno  squardo  salla  fauna  eocenioa.     The  Author. 
Index-catalogue  of  the  library  of  the  Surgeon-General's  office,  U.  8.  A.     Vol. 

II.     War  Department. 
Instructions  goYerning  the  establishment  and  management  of  the  Polar  expe- 
dition to  Lady  Franklin  Bay  and  Point  Barrow.     War  Department. 
Ipsel,  A.     Crociera  del  Violante.     M->lluschi  terrestri  e  d'aoqua  dolce  viyenti 

e  fossili  della  Tunisia.     The  Author. 
Jack,  R.  L.     Geological  features  of  part  of  the  coast  range  between  the  Dal- 

rymple  and  Charter  Towers  Road. 
Queensland,  1870.     Report  on  the  geology  and  mineralogical  resources  of 

the  district  between  Charter  Towers  gold-fields  and  the  coast. 
Report  on  the  Bo  wen  River  coal-fields.     Dr.  F.  V.  Hayden. 
Jackson,  B.  D.     Guide  to  the  literature  of  botany.     Joseph  Jeanes. 
Jaenicke,   A.      Pbotometrische  Untersuchungen  des  Blutes.      University  of 

Wurzburg. 
Jameson.    Robt.     Outline  of  the  mineralogy  of  the  Scottish  Isles.     2  vols. 

1800.     In  exchange. 
Jordan,  D.  S.  and  P.  L.  Jouy.     Check-list  of  duplicates  of  fishes  from  the 

Pacific  coast  of  North  America.     The  Authors. 
Julien,  A.  A.     Carbon  dioxide  in  the  fluid  cavities  of  topaz.     The  Author. 
Just,  Leopold.     Botanischer  Jahresbericht.     6er  Jahrg.  1878,  2er  Abth.  1  H. 

I.  V.  WilliamsoQ  Fund. 
Keep.  Josiah.     Common  sea-shells  of  California.     The  author. 
Kendall,  Mr.     Catalogue  of  mineral  and  fossil  remains  of  Scarborough.     In 

exchange. 
King,  Wm.     Preliminary  notice  of  a  memoir  on  rock-jointing. 

List  of  published  scientific  writings  of.     The  Author. 
K.  K.  Quecksilberwerk  zu  Idria  in  Krain.    The  Royal  Direction  of  Mines  in 

Idria. 
Kobelt,  W.     Illustrirtes  Conchylienbuoh.     lOe  and  lie  Lief.    I.  V.  Williamson 

Fund. 
Koenig,  G.  A.     On  Jarosite  from  a  new  locality. 

On  Alaakaite.     The  Author. 
Klein,  E.  and  E.  Noble  Smith.     Atlas  of  histology.     XIII.     I.  V.  WUUamson 

Fund. 
Kiichenmeister,  F.  and  F.  A.  Zum.     Die  Parasiten  des  Menschen.     2e  Anfl. 

3  Lief.     I.  V.  Williamson  Fund. 
Lawes,  J.  B.     Memoranda  of  experiments. 

Fertility.     The  Author. 
Leidy,  Jos.     Parasites  of  the  Termites. 

Bathygnathus  borealis.     The  Author. 
Langdon,  P.  W.    The  Madisonville  pre-historio  cemetery.     The  Author. 
Les  oiseaux  dans  la  Nature.     Livr.  11-20.     I.  V.  Williamson  Fund. 
Leuckart,  R.     Die  Parasiten  des  Menschen  I,  2.     2e  Aufl.     I.  V.  Williamson 

Fund. 
Levittoux,  H.     Philosophic  do  la  nature,     dme  Ed.    The  Author. 
Lewis.  Henry  C.     Note  on  the  zodiacal  light.     The  Author. 
Library  Commissioners,  Halifax,  annual  report,  1880.     The  Authors. 
Libr»ry  Comp%ny  of  Fnilada.     Bulletin  No.  6,  July,  1881.     The  Company. 
Light -house  Board,  annual  report,  June  80,  1880.     Treasury  Department. 
McCook,  Rev.  H.  C.     The  Honey  Ants  of  the  garden  of  the  gods,  and  the  Occi- 
dent Ant  of  the  American  plains. 
Anis  associated  with  the  cotton-worm. 
New  northern  cutting  ant,  Alta  Septentrionalis,  etc. 
The  snare  of  the  Ray  spider  (Epeira  radiosa).     The  Author. 
Marritt,  F.  P.     Shells  belonging  to  the  genus  Nassa.     The  Author. 
Marsh,  0.  C.     Odontornithes,  1880.     The  Author. 
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Martens,  £.  Ton.    Conchologische  Miiiheilungen.     I,  6  and  6.     I.  V.  William- 
son Fund. 
Martini  and  Chemnitz.     Systematisohes  Conchylien-Cabinet.      297-807  Lief. 

Wilson  Fund. 
Mason,  John  J.    Thirty  photographs  of  microscopic  preparations  of  the  nervous 

system,  and  one  photograph  of  the  tongue  of  the  fly.    The  Author. 
Mason,  Otis.     Notes  on  anthropology.     The  Editor. 

Mayer,  K.     Die  Tertiar-Fauna  der  Azoren  und  Madeiren.    Joseph  Jeanes. 
Medley,  Geo.  W.    The  reciprocity  craze.     The  Author. 
Meehan,  Thos.     Objects  of  sex  and  odor  in  flowers. 

Forests  and  forestry.     The  Author. 
Mercantile  Library  Association  of  the  City  of  New  York,  60th  annual  report. 

The  Trustees. 
Mercantile  Library  Association  of  San  Francisco,  28th  annual  report,  1881. 

The  Trustees. 
Meteorological  Service  of  the  Dominion  of  Canada,  report,  Dec.  31,  1879.    The 

Superintendent. 
Meyer,  A.  B.     Index  zu  L    Reichenbach's  omithologischen  Werken.      The 

Author. 
Michigan  State  Fisheries,  Ist-lth  reports.     The  Superintendent. 
Milne-Edwards,  H.     Le9on8  sur  la  physiologic  et  I'anatomie  compar^e.     XIV, 

2.     I.  V.  Williamson  Fund. 
Mission  scientifique  au  Mexique.      Recherches  zoologiques.     Ill  partie  pp. 

441-488,  pi.  22e-22j.     2d  section,  pp.  1-56,  pi's  1-10.     V  partie,  pp. 

265-368,  pi's  31a-61.     VII  partie,  T.  H,  pp.  1-80,  pi's  31-36.     I.  V. 

Williamson  Fund. 
Moleschott,  J.    Untersuchungen  zur  Naturlehre  des  Menschen  und  der  Thiere. 

XII,  5,  6.     I.  V.  Williamson  Fund. 
Mongredien,  Aug.      History  of  the  free-trade  movement  in   England.     The 

Cobden  Club. 
Morris,  J.     Statistical  sccount  of  several  towns  in  the  county  of  Litchfield. 

Connecticut  Academy  of  Sciences. 
Mueller,  F.     Fragmenta  phytographise  Australice.     Vols.  2  and  10. 
Descriptive  notes  on  Papuan  plants.     I. 
Index  perfectus  ad  Caroli  Linnsot  Speciei  Plantarum. 
Select  extra- tropical  plants.     New  South  Wales  edition. 
Plants  of  northwestern  Australia.     The  Author. 
Mueller,  N.  J.  C.     Handbuch  der  Botanik.     II,  2.     I.  V.  Williamson  Fund.      # 
Museum  Godeff'roy,  catalogue.     VIII. 
Naturw.  Landesdurch.  von  Bohmen,  Archiv.  IV,  2.     Texte  und  Atlas.     I.  V. 

Williamson  Fund. 
Newberry,  J.  S.     The  genesis  of  the  ores  of  iron.     The  Author. 
New  Jersey  State  Agricultural  Experiment  Station,  1st  annual  report.     The 

Directors. 
New  South  Wales,  geological  sketch  map      Department  of  Min«s,  N.  S.  W. 
New  York  State  Museum  of  Natural  History,  28th-31st  annual  reports.     The 

Trustees. 
Newton,  A.  and  E.     List  of  birds  of  Jamaica.     The  Authors. 
Newton,  H.  and  W.  P.  Jenney.     Geology  and  resources  of  the  Black  Hills  of 

Dakota.  Department  of  Interior. 

Nomenclature  des  litres  organises.     Zoological  Society  of  France. 
Norwegian  North-Atlantic  Expedition.     Chemistry  and  zoology.     Norwegian 

Government. 
Pacini,   F.     Del  processo  morboso  del  Colera  Asiatica.     R.  1st.  di  Perfez.  in 

Firenze. 
Palaeontological  Society,  Vol.  35.     Wilson  Fund. 
Pal6ontx)logie  Francaise.     2e  Ser.     V^g^taux.     Terrain  Jurassiquo.  Livr.  30 ; 

Ire  Ser.,  An.  Invert.,  Ter*  Juras.     Livr.  44-46.     Wilson  Fund. 
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Pftlaeontographica.     26er  Bd.     2-6  L.     2er  Bd.    1  und  2  L.    Wilson  Fund. 
Parlatore,  P.     Tavole  per  una  Anatomia  delle  piante  aquaiiohe.     R.  1st.  di 

Perfei.  in  Firenze. 
Pebal,  L.  t.     Das  chemisohe  Institut  der  K.  K.  UniTersitiit  Grax.    1880.     The 

Author. 
PennsjWania  Museum  and  Sohool  of  Industrial  Art.     5th  annual  report   of 

Board  of  Trustees.     The  Authors. 
Pfeiffer,  L.    Nomenclator  Heliceorum  yiTentinm.     7-10  L,    I.  V.  Williamson 

Fund. 
Plateau*  F.     Recherches  phjsiologiques  sur  le  cceur  descrustac^s  d^capodes. 
Observations    sur    Tanatomie    de  I'elephant   d'AfHque  (Loxodon    AfH- 

canus)  adulte.     The  Author. 
Plattner's  Analysis  with  the  blowpipe.     4th  Ed.     I.  V.  Williamson  Fund. 
Powell,  J.  W.   Introduction  to  the  study  of  Indian  languages.    2d  Ed.     Smith- 
sonian Institution. 
Putnam,  F.  W.     Contribution  to  the  archaaology  of  Missouri.     Part  I,  Pottery. 
The  Indians  of  California. 
Archseological  Notes. 
Pueblo  Pottery      The  Author. 
Quenstedt,  F.  A.     Handbuch  der  Petrefaktenlcunde.    2  Vols,  text  and  atlas. 

Joseph  Jeanes. 
Raulin«  V.     Description  phys.  et  nat.  de  Tile  de  Cr^te.     2  toIs.  and  atlas. 

The  Author. 
R.  Comitato  Geologica  d'lUlia.     Bollettina,  X,  1-12.     The  Surrey. 
Redfifcld,  J.  H.    Catalogue  of  the  icnown  species  reoent  and  fossil  of  the  family 

Ifarginellidfls.     The  Author. 
Reyer,  E,     AUgemeine  Gesohichte  des  Zuines.     The  Author. 
Reynaud.  J.     Histoire  6l<$raentaire  des  Min6raux  usuels.     H.  C.  Lewis. 
Rhees,  Wm.  J.     James  Smithson  and  his  bequest,  1880.     The  Smithsonian 

Institution. 
Riley,  Chas.  V.      The  Rocky  Mountain  locust.     The  Author. 
Rockinger,    L.     Die  Pflege  der  Gesohichte  durch  die   Wittelsbacher.     Royal 

Bavarian  Academy  of  Sciences. 
Roesler,  Aug.     Die  patentirte  Zeichentisch.     The  Author. 
RolUnd,  M.  G.     Les  gisements  de  Mercure  de  Californie. 

Mission  Trans-Saharienne  de  Laghouat  el  Goleah-Ouargla-Biskra. 
La  mdtallurgie  du  Mercure  en  Californie. 
,  Sur  le  gisements  de  silex  tnillds  d'El  Hassi. 

Sur  le  terrain  cr^tac^  du  Sahara  septentrionale.     The  Author. 
Rossmassler's  Iconographie  der  europ'aischen  Land  und  Susswasser-Mollusken. 

VII  Bd.  4-6  Lief.     Wilson  Fund. 
Russ,  K.     Die  fremdlandischen  Stubenvogel.     Ill,  10 ;  IV.     I.  V.  Williamson 

Fund. 
Rutger'd  Scientific  School.     16th  annual  report.     The  Directors. 
Ryder,    J.    A.       Structure    and    ovarian     incubation     of   the    top>minnow 

(Zygonectes).     The  Author. 
Saint-Lager,  Dr.     Nouvelles  remarques  sur  la  nomenclature  botaniqae.    The 

Author. 
Saint  Louis  Mercantile  Library  Association,  d5th  annual  report.   The  Trustees. 
Saussure,  H.  de.     Voyage  au  Turkestau.     Hymenopt^res,  Famille  des  Scolides. 

The  Author. 
Scheffer.  11.    Die  Naturgesetze  und  ihr  zusammenhang  mit  den  Prinzipien  der 

abstrakten  Wissenschafteu.     4er  Tb.,  9e  und  letzte  Lief.     The  Author. 
Sohlegel.    H.     Museum  d'histoire  naturelle  des  Pays-Bas.    T.  IX.     Wilson 

Fund. 
Schlesischen  bctanische  Tausch-Verein,  General-Doubletten-Verzeichniss.  The 

Society. 
Schmidt,  A,     Atlas  der  Diatomaceen-Kunde.     17  and  18  Heft.     I.  V.  William- 
son Fund. 
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Schoneburgh,  R.     Report  on  the  progress  And  condition  of  the  Botanic  Garden 
and  Goyernaoent  Plantation,  Adelaide,  during  the  year   1880.      The 
Author. 
Schnfeldt,  R.  W.    Osteology  of  Speotyto  cunionlaria,  Tar.  bypogsoa  and  of 

Eremophila  alpestris.     The  Author. 
Scudder,  S.  H.    Structure  and  affinities  of  Euphorbia  Meek  and  Worthen. 
Problems  in  entomology. 

The  tertiary  lake  basin  of  Florissant,  Colorado. 

List  of  orthoptera  collected  by  Dr.  A.  S.  Packard,  Jr.,  in  the  western 
United  States  in  the  summer  of  1877.    The  Author. 
Second  Geological  Surrey  of  Pennsylvania,  reports.  A',  G,*  G*,  H*,  H*,  I',  M*, 

P,  Q*,  R  and  T.     Appendix  A  to  report  R.     The  Survey. 

Second  Tarkand  Mission,  scientific  results  of.     Rhynchota,  by  W.  L.  Distant ; 

Syringospheridte,  by  Prof.  P.  Martin  Duncan ;  Lepidoptera,  by  Fred. 

eric  Moore  ;  Mammalia,  by  W.  T.  Blanford.    East  India  Government. 

Sequin,  Ain^,  M.     Causes  et  effets  de  la  chaleur  de  lalumi^re  et  de  r^lectrioite. 

Les  lois  qui   president  a  raccomplissement    des  ph^nom^nes  naturels 

rapportjs  a  Tattraction  Newton ienne. 
L'origine  et  la  propagation  de  la  force.  Considerations  sur  les  causes  de  la 

cohesion. 
Reflexions  sur  I'hypoth^se  de  Laplace.     Dr.  F.  V.  Hayden. 
Semper  C.     Reisen  im  Archipel  der  Philippinen.     2er  Th.     2er  Bd.     Supple- 
ment-Heft I.     Wilson  Fund. 
Sheafer,  P.  W.     Geology  of  Schuylkill  County.    The  Author. 
Shepard,  C.  U.     Treatise  on  Mineralogy.     I.  V.  Williamson  Fund. 
Silliman,  B.     Mineralogical  Notes.     I.   Vanadinite,  etc.,  from  Arizona.    The 

Author. 
Slagg,  J.     French  trade  and  tarifs.     Cobden  Club. 
Smith,  E.  A.     Geological  Survey  of  Alabama,  reports  1875,  1877  and  1878, 

1879  and  ISSO.    The  Author. 
Smith,  Greene.    Catalogue  of  birds,  eggs  and  nests,  1880.     The  Author. 
Smith,  J.  A.     Biennial  report  of  the  State  Geologist  of  the  State  of  Colorado, 

for  the  term  ending  Deo.  8,  1880.     The  Author. 
Smithsonian  Institution.     Contributions  to  Knowledge.    Vol.  28. 
Miscellaneous  collections.     Vols.  18,  19,  20,  21. 
Annual  report,  1879.     The  Institution. 
Smucker,  I.     Mound-builders*  works  near  Newark,  Ohio.    The  Author. 
Sowerby,  G.  B.     Thesaurus  Conchyliorum.  Pts.  85  and  86.     Wilson  Fund. 
Speyer,  0.     Die  Conchylien  der  Casseler  Tertiiirbildungen.     1-6  Lief.     Joseph 

Jeanes. 
State  Commissioners  of  Fisheries,  Pennsylvania,  reports  1879  and  1880.     B. 

L.  Hewit. 
State  Fish  Commission  of  Iowa.  lst-8d  biennial  reports.     The  Commissioners. 
State  Geologist  of  Colorado.     Biennial  report,  Dec.  81 ,  1880.    The  Author. 
Stearns,  R.  E.  C,     Observations  on  Planorbis. 
On  Helix  aspersa  in  California. 
Mya  arenaria  in  San  Francisco  Bay. 

New  species  of  marine  mollusks  from  the  coast  of  Florida.     The  Author. 
Steenstrup,  J.     Prof.  A.  E.  Verrila  to  nye  Cephalopodslaegter,  Sthenoteuthis 
og  Lestoteuthis. 
Sepiadarium   og  Idiosepius  to  nye  Slsogter  af  Sepiemes  Familie.    The 
Author. 
Stoppani,  A.  e  G.  Negri.    Carattere  marine  dei  grande  amfiteatri  Morenioi 

deir  alta  Italia.     A.  Stoppani. 
Struckmann,  C,     Geognostische  Studien  am  Deister.     II.  1880.     The  Author. 
Sveriges  Geologiska  Undersokning.     8vo,  Ser.  Aa  Nos.  78-79 ;  Ser.  Ab,  No. 
6.   Ser.  C,  Nos.  86-41  (42,  4to).  43  and  44.   4to.  Ser.  C,  42.     Six  maps. 
The  Survey. 
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Taramelli,  M.  E.  T.     Sulla  posizione  straiigrafica  della  zona  fillitica  de  Roizo 

e  dei  caloari  marini  cbe  la  oompreadono. 
Delia  Salsa  di  Quenola. 

Di  alcune  scosceadimeati  posglaciale  sulle  Alpi  meridiooale.     The  Author. 
Tenison-Woods,  Rev.  J.  E.     Palaeontology  of  New  Zealand.     Part  IV.    Corals 

and  Bryozoa  of  the  Neozoic  period  of  New  Zealand.    The  Geological 

Survey. 
Thomas,  W.  T.  H.     Lithograph  of  foot-prints  of  Brontozoum  ThomasL     The 

Author. 
Trafford,  F.  W.  C.     Souvenir  de  Tamphiorama.    The  Author. 
Trinius,  D.  C.  B.     Species  Graminum.     Faso.  1-80.     Joseph  Jeanes. 
Tryon,  Geo.  W.  Jr.     Manual  of  conchology.     IV-XII.     The  Author. 
University  of  California.     College  of  Agriculture,  report,  1880.    The  Author. 
University  of  Minnesota.     Calendar  for  1880-'81.     The  University. 
University  of  Wurzburg.     Eleven  chemical  theses.     The  University. 
United  States  Commissioner  of  Fish  and  Fisheries.     Part  VI. 

Report  of  the  Commissioners  for  1878.     The  Commission. 
United  States  Entomological  Commission.     2d  report.     Bulletin  No.  6.     De- 
partment of  Interior. 
United  States  Geographical  Survey  west  of  the  100th  mer.     Report,  Vol.  VII. 

Archaeology.     Engineer  Department,  U.  S.  A. 
United  States  Geological  and  Geographical  Survey  of  the  Territories.     V.  4, 

VI.  2.     Department  of  the  Interior. 
Victoria.     Mineral  statistics  for  1879,  1880. 

Report  of  Chief  Inspector  of  Mines.  1879,  1880. 

Reports  of  Mining  Surveyors  and  Registrars,  Slst  Dec,  1879;  March  81, 

1881  ;  June  30,  1880.     Dr.  F.  V.  Hayden. 
Villa,   A.  and  G.  B.     Cenni  geologici   sul  territori  dell'    Antico  distretto  di 

Oggiono. 
Elenco  cronologica  di  lavori  scientifici.     The  Authors. 
Vogdes,  A.  W.     Anthropological  contributions,  1  and  2.     Paleontological  con- 
tributions, 1  and  2.     The  Author. 
Vogt,  C.     Lehrbuch  der  Geologic  und  Petrefactenkunde.     4e  Aufl.     2  Vols. 

Joseph  Jeanes. 
Walsingham,  Lord.     Lepidoptera  heterocera  in  the  British  Museum.   Part  IV. 

Trustees  of  the  Museum. 
Watson,  Rev.  R.  B.      Molluscaof  H.  M.  S.  « Challenger"  Expedition.      Parts 

VI  and  VII.     The  Author. 
Wesleyan    University,   Middletown,    Conn.,  9th  annual    report  of  curators. 

The  Authors. 
Westhof,  Fr.     Die  Kiifer  Westfalens.     I.  Abth.  Supplement.    The  Author. 
Wheeler,  C.  F.  and  E.  F.  Smith.      Phaenogamous  and  vascular  cryptogamous 

plants  of  Michigan.     The  Authors. 
Wex,  Gustave.     A  lecture  on  the  progress  of  the  work  of  completion  of  the 

new  and  improved  bed  of  the  Danube  at  Vienna.     Engineer  Depart- 
ment, U.  S.  A. 
Wheeler,  Geo.  M.     Annual   report  upon  the  geographical  and  topographical 

surveys  of  the  tertitory  of  the  U.  S.  west  of  the  100th  mer.  Appendix 

P'.     Engineer  Department,  U.  S.  A. 
Wolf,  H.     Regleitworte   zur  geologischen   Gruben-Revier-Karte  des  Kohlen- 

beckens  von  Teplitz-aux-Brux.,  with  15  maps.      Geological  Survey  of 

Bohemia. 
Wortmann,   J.     Ueber  die   Beziehungen  der  intramolecularen  zur  normalen 

Athmung  der  Pflanzen.     University  of  Wurzburg. 
Wright,  A.  W.    Gaseous  substances  contained  in  the  smoky  quartz  of  Branch- 

ville.     G.  W.  Hawes. 
Yale  College.     Catalogue,  1880-'8L     The  College. 
Yarrel,  Wm.     A  history  of  British  birds.     Ith  Ed.     Pt.  13.     L  V.  Williamson 

Fund. 
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Yarrow,  H.  C.      Introduction  to  the  study  of  mortuarj-oustoms  among  the 

North  American  Indians.    The  Author. 
Zigno,  Achille  de.     Cataloga  ragionata  dei  Pesci  fossile. 

Sireni  fossili  trovati  nel  Veneto. 

Uno  Squalodonte  scoperti  nell  arenaria  miocena  del  Bellunese. 

Aggiunte  alia  Ittiologia  dell'  Epoca  eocena. 

Pesoi  foHsili  nuovi  del  caloare  eoceno  dei  Monti  Bolca  e  postale. 

Sopra  un  nuovo  Sirenio  fossile  scoperto  nelle  Colline  di  Bra  in  Piemonte. 

Flora  fossilis  formationis  oolithicas.     Vols.  1  and  2.     The  Author. 
Zittely  K.  A.  Qeologisohen  Bau  der  Ubyschen  Wuste.  Rojal  Bavarian  Academy 

of  Sciences. 
Zoological  Record  for  1879.     Wilson  Fund. 

Journals  and  Periodicals. 

Adelaide.     Royal  Society.    Transactions,  1879,  1880.     The  Society. 
Altenburg.     Mittheilungen  aus  dem  Osterlande,  n.  f.  ler  Bd.     The  Editor. 
American  Association  for  the  AdTancement  of  Science.    Programme  of  the  80th 

meeting.     Proceedings,  XXVIII,  XXIX,  1  and  2.     The  Society. 
American  Medical  Association.     Transactions,  I-XIII.     Dr.  Robert  Bridges. 
American  Institute  of  Mining  Engineers.     Tran8ac*ion8,  VII,  VIII.      The 

Society. 
Amsterdam.    K.  Akademie  Tan  Wetenschappen.    Verslagen  en  Mededeelingen, 
Afd.  Letterk.  2e  R.  VI  D.  9.     Afd.  Natuurk.  2e  R.  XI  D.  15.    Jaarboek, 
1879.     Processen-Verbaal,  1880.     Verhandlingen,  Afd.  Nat.  XX;   Afd. 
Let.  XIII.     The  Society. 
Angers.     Soci^t^  Academique  de  Maine  et  Loire.     M^moires,  XXIII-XXVIII, 
XXXV,  1-4.     The  Society. 
Soci4t6  Nationale  d' Agriculture,  Sciences  et  Arts.     M^moires,  XXI.     The 
Society. 
Auxerre.     Socidt^  des  Sciences  historiques  et  naturelles  de  I'Yonne.     Bulletin 

XXXIV.    The  Society. 
Baltimore.     American  Journal  of  Mathematics.     II,  l-III,  4.     The  Editor. 
Johns  Hopkins  Uniyersity.     Studies  from  the  Biological  Laboratory,  II, 
1.     Report,  4th.     University  circulars,  9  and  10.     Register,  1880-81. 
The  Trustees. 
Peabody  Institute,  14th  annual  report.     The  Trustees. 
Batavia.     Genootschap  van  Kunsten  en  Wetenschappen.      Aanteekeningen^ 
June,  1879.     Verslag,  June,  1880.     Naamlijst,  1880.     Registers,  1845- 
1878.     The  Society. 
Natuurkundig  Vereen  in  Nederlandsch  Indie.    Tijdschrift,  Svende  Serie, 
IX.     The  Society. 
Belfast.     Natural  History  and  Philosophical  Society.     Proceedings,  1878-1880. 

The  Society. 
Berlin.     Archiv  filr  Naturgeschicbte,  47er  Jahrg.  1,  2,  4  and  5.     The  Editor. 
Entomologische  Verein.     Zeitschrift,  24  Jahrg.,  2es  and  25er  Jahrg.,  les 

H.     The  Society. 
Deutsche  geologischeOesellschaft.    Zeitschrift,  XXXII,  2-XXXIII,  1.    The 

Society. 
Gesellschaft  Naturforschender  Freunde.     Sitzungs-Berichte,  1880.     The 

Society. 
K.   Preussische   Akademie   der  Wissenschaften.      Monatsbericht,   Aug., 

1880-Juni.  188'.     Physikalische  Abhandlungen,  1879.     The  Society. 
Linnaea.     ler  Bd.  1826. — XLIII,  1-4,  1881.     Joseph  Jeanes. 
Der  Naturforscher,  XIII,  14-XlV,  26.     Tne  Editor. 
Naturae  Novitates,  1880,  9-1881,  20.     The  Editor. 
Verein  aur  Beforderung  des  Gartenbaues.     Monatsschrift,  23er  Jahrg. 

Jan.-Dec<    The  Society. 
Zeitschrift  fiit  die  gesammteo  Naturwissenschaften,  n.  f.  Ill,  5.     The 
Editor. 
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; 


Bern.     NaturforBchende  Oesellsobaft.     Mittheilungen,  979.    The  Society. 
Beziers.     Soci^t6  d'^tude  des  Sciences  Naturelles.     Balletin,  4e  Ann^e.     The 

Society. 
Bistritz.     Gewerbeschule      Jabresbericbt  4  and  6.     The  Director. 
Bloomington.     Illinois  Museum  of  Natural  History.     Bulletin  No.   1.     See 

Normal.     The  Director. 
Bologna.     Accademia  delle  Scienze.     Memorie,  Ser.  3,  T.  IX,  8,  4 ;  X,  1^. 

Rendiconti.  1878-79.    The  Society. 
Bonn.     ArchiY  fur  mikroskopisohe  Anatomic.     XIX,  1-XX,  2»     I.  V.  William- 
son Fund. 
Naturhistorische  Vereln.     Verhandlangen,  37er  Jahrg.  l-88er  Jahrg.  1. 
The  Society. 
Bordeaux.     Acaddmie  nationale  des  Sciences,  etc.     Actes,  XXVIII,  2 ;  XX,  8 ; 
XXIII,  1 ;  XXIV,  2;  XXXI,  2;  XLI.     The  Society. 
Soci^t^  des  Sciences  physiques  et  naturelles.     M^moires,  2e  S^r.  IV,  2. 
The  Society. 
Boston.     American  Academy  of  Arts  and  Sciences.     Proceedings,  XVI,  1  and 
2.     The  Society. 
Progress  of  Science.  I,  1.     The  Editor. 
Science  Observer,  II.  7.     Tlfe  Editor. 

Society   of  Natural   History.      Proceedings,  XX,   p.   885-XXl,   p.   128. 
Anniversary  Memoirs.     Occasional  Papers,  III.     The  Society. 
Braunschweig.     Archiv  fiir  Anthropology,  XIII,  1-3.     I.  V.  Williamson  Fund. 
Bremen.     Naturwissenschaftliche  Verein.     Abhandlungen,  VII,  1  and  2.     The 

Society. 
Bristol.     Naturalists*  Society.     Proceedings,  n.  s.  Ill,  1  and  2.     Catalogue  of 

Library,  May,  1881.     The  Society. 
Briinn.      K.    K.    Mahrisch-Schlesische    Gesellschaft    zur    BeflSrderung    des 
Ackerbaues  der  Natur-  und  Landeskunde.     Mittheilungen,  69er  and 
60er  Jahrg.     The  Society. 
Naturforschende  Verein.     Verhandlungen,  XVIII.     The  Society. 
Bruxelles.     Acad^mie  Royale  des  Sciences,  etc.     Annuaire.  1879  and  1880. 
Bulletin.  2me  S^r.    T.  45-49.     M^moires,  T.  42.     Mdmoires  couronn^s, 
8vo  T.  28,  29  and  30;  4to  T.  42  and  43.     Tables,  1816*1878.     The 
Society. 
Socidt^  Beige  de  Microsoopie.       Bulletin,  30  Oct.  1880-30  Juil.  1881. 

Annales,  V.     The  Society. 
Soci6t4  Malacologique.     Annales,  XII.     Proc^-Verbaux,  8  Jan.-2  Oct. 

1881.     The  Society. 
Soci^t4  Entomologique.     Comptes-Rendu,  1880.    Annales,  T.  28  and  24. 
The  Society. 
Buda-Pest.     M.  Tudom.  Acad^mia.  Ertekez^sek  a  Math.  Tudom4nyok  Kor^bol, 
VII  Kotet,  3,  6-18  Szam  ;  IX,  20  Szam-X,  18  Szam.  Math,  es  Termesiet. 
Kozlem^nyek,  XVI.    Ungarische  Revue,  1  and  2  H.,  1881.    The  Society. 
Ungarische  National-Museum.     Term^szetrajzi  Fiizetek,  IV,  3,  4:  V,  1. 
The  Society. 
Buffalo.     Society  of  Natural  Sciences.     Bulletin,  IV,  1.     The  Society. 
Caen.     Academic  nationale  des  Sciences,  etc.     M^moires,  Vol.  suppl.,  1879, 

1880.     The  Society. 
Calcutta.     Asiatic  Society  of  Bengal.    Journal,  XLIX,  Pt.  1,  No.  8-L,  Pt.  2, 
No.  3.     Proceedings,  1880,  1-1881,  8.     The  Society. 
Same.     Isaac  Lea. 

Stray  Feathers,  IX,  I^.     I.  V.  Williamson  Fund. 
Cambridge.     Museum  of  Comparative  Zoology.     Memoirs,  VIII,  I.     Report, 
1880-81.     Bulletin  V,  8,  9,  11,  12  and  14;  VI,  12;   VIII,  1-8  and  pp. 
95-284.     The  Director. 
Nuttall  Ornithological  Club.     Bulletin  VI,  1^.     The  Society. 
Peabody  Museum  of  American  Archseology  and  Ethnology,  14th  annual 

report.     The  Director. 
Psyche,  Nos.  77-86.     The  Editor. 
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Cap  Rouge.    Le  Nataraliste  Canadien.    Nov.  1B80-Oot.  1881.    The  Editor. 
Cassel.     Malakozoologisohe  Blatter,  IV.     I.  V.  Williamson  Fund. 

Verein  fUr  Naturkunde.     Bericht  XXVIII.     The  Society. 
Catania.     Aocademia  Gioenia  di  Scienze  Naturali.     Atti,  3a  Ser.,  T.  11  and 

12.     The  Society. 
Cherbourg.     Soci^t^  Nationale  des  Sciences   Naturelles.      M^moires,  XXII. 

The  Society. 
Chicago.     American  Antiquarian,  I,  8  ;  II,  2 :  III,  2-4.     The  Editor. 

National  Scientific  Journal,  I.  3.     The  Editor. 
Christiania.    Archiv  for  Mathematik  og  Naturridenskab,  V,  4-VI,  2.     I.  V. 

Williamson  Fund. 
Chur.    Naturforschende  Oesellschaft  Graubiindens,  n.  f.  XXII  and  XXIV.    The 

Society. 
Cincinnati      Paleontologist,  No.  5.     The  Editor. 

Society  of  Natural  History.    Journal,  1,3;  111,4;  IV,  1-3.     The  Society. 
Copenhagen.     Videnskabelige  Meddelelser,  1879-80,  III.     The  Editor. 

Naturhistorisk  Tidsskrift.  Schiodte.   3e  Raekke,  XII,  3.    I.  V.  WilliamsoQ 

Fund. 
K.  D.  Videnskabernes  Selskab.  Oversigt,  1880,  2-1881,  1.     Skrifter,  XH, 
6 ;  6me  S^r.,  I,  1  and  2.     The  Society. 
Cordoba.     Aoademia  nacional  de  Ciencias  exactas.      Boletin  II,  4;  III,  1-3. 

The  Society. 
CrawfordsTille.     Botanical  Gazette,  IV,  11— VI,  1.     The  Editor. 
Daniig.     Naturforschende  Gesellschaft.  Schriften,  n.  f.  V,  1  and  2.     The 

Society. 

Dijon.     Academic  des  Sciences,  etc.    M6moir(>8,  3me  S^r  ,  1880.    The  Society. 

Dorpat.     Naturforscher  Gesellschaft.     Sitzungsbericbte,  V,  3.     Archly  fur  die 

Naturkunde  Liv-Ehst-  und  Kurlands,  le  Ser.  IX,  1  and  2.    The  Society. 

Dresden.     K.  Mmeralogisch-Geologische  und  Praehistorische  Museum.     Mit- 

theilungen,  3e8  H.     The  Director. 

K.   Sammlung  fiir    Kuost  and   Wissenschaft.      Bericht,  1878-79.      The 

Director. 
Naturwissenschaftliche  Gesellschaft  Isis,  Jan.-Deo.  1880.     The  Society. 
Verein  fUr  Erdkunde.     Jahresbericht  XVII  und  Nacbtrag.    The  Society. 
Dublin.     Royal  Geological  Society  ot  Ireland.    Journal,  XV,  3.    The  Society. 
Royal  Irish  Academy.     Proceedings,  Science,  III,  Ser.  2,  Nos.  4-6 ;  Polite 
Literature  and  Antiquities,  II,  Ser.  2,  Nos.  1  and  2.     Transaotions, 
Science,  XXVI,  22.  XXVIII,  1-5;  Irish  Mss.  Series,  I.  1 ;  Cunningham 
Memoirs,  No.  1 ;   Polite  Literature  and  Antiquities,  XXVII,  4.     The 
Society. 
Edinburgh.     Botanical  Society.    Transactions  and  Proceedings,  XVI,  1.    The 
Society. 
Geological  Society.     Transactions,  IV,  1.     The  Society. 
Royal  Physical  Society.    Proceedings,  1879-80.     The  Society. 
Royal  Society.     Proceedings,  X,   105.     Transactions,  XXIX,  2.      The 

Society. 
Scottish  Naturalist,  Nos.  41-44.    The  Editor. 
Erfurt.     R.  Akademie  gemeinutziger  Wissenschaften.    Jahrbuch,  n.  f.,  H.  10. 

The  Society. 
Erlangen.     Biologische  Centralblatt,  I,  1.     The  Editor. 
Florence.     Nuoto  Giornale  Botanico  Italiano,  XII,  4-XIII,  4.    The  Editor. 
Frankfurt  a.  M.     Aerztliche  Verein.    Jahresbericht  XXIII.     The  Society. 
Deutsche  Malakozoologisohe  Gesellschaft.    Jahrbuch er,  II,  VII,  VIII,  1- 

8.     Naohrichtsblatt,  1881,  No.  9,  V,  VI,  Xl-XIII.     The  Society. 
Senokenbergische  Naturforschende  Gesellschaft.     Abhandlungen,  XII,  1 

and  2.     Bericht,  1879-80.    The  Society. 
Der  Zoologische  Garten,  XXI,  1-12     Zoological  Society  of  FrankfUrt. 
Gand.    Archives  de  Biologie,  I,  4.    I.  V.  WiUiamson  Fund. 
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Geneva.     Sohweizerische  Palaeontologische  Oesellsohaft.     Abhandlungen,  VII. 
I.  V.  Williamson  Fund. 
Soci^t^  de  Physique  et  d'Histoire  Naturelle.     M^moires,  XXVII.     The 
Society. 
Genoa.     Museo  ciyico  de  Storia  Naturale.     Annali  XV.     The  Society. 

Societik  di  Lecture  e  Conversaxioni  Soientifiche.     Giornale,  IV,  6-12.    The 
Society. 
Germany.     Gesellschaft  Deutsoher  Naturforsoher  und  Ante.    Tageblatt,  53 

Versamm.     The  Society. 
Gieasen.    Jahre.Mbericht  Uber  die  Fortsohritte  der  Chemie.     1879,  2e8  H-1880, 
les  H.     The  Editor. 
Oberhessisohe  Gesellschaft  fiir  Natur-  und  Heilkunde,  19er  Bericht.     The 
Society. 
Glasgow.     Natural  History  Society.     Froceedines,  IV,  2.     The  Society. 

Philosophical  Society.     Proceedings,  XII,  1.     The  Society. 
Gorlitx.     Naturforschende  Gesellschaft.     Abhandluogen  XV(.  The    Society. 
Gottingen,  K.     Gesellschaft  der  Wissenschaften.     Nachrichten,  1880.    The  So- 
ciety. 
9rand  Rapids.     Kent  Scientific  Institute.      Miscellaneous  publications,  No.  2, 

8,  and  5.     The  Society. 
Gras.     Naturwissenschaftliche  Verein  fiir  Steiermark. 
Mittheilungen. ..  Jahrg,  1879  and  1880.     The  Society. 
Verein     der     Ante    in  Steiermark.     Mittheilungen  1880.     The  Society. 
Guadalajara.      Sociedad  de  Ingenieros  de  Jalisco.      Boletin  I.   2-10.     The 

Society. 
Halifax.     Nova  Scotian  Institute  of  Natural  Science.      Proceedings  and  Trans- 
actions, V.  2.     The  Society. 
Halle.     Naturforschende  Gesellschaft.     Abhandlungen  XV.  1.     Bericht,  1879. 
The  Society. 
Verein  fiir  Erdkunde.     Mittheilungen  1877-1880,     The  Society, 
Naturwissenschaftliche  Verein.     Verhandlungen.  n.  f.  V.     The  Society. 
Hannover.      Gesellschaft  fiir  die   Mikroskopie,      Jahresbericht,   ler.      The 
Society. 
Naturhistorische  Gesellschaft.      20er  and  SOer  Jahresb.     The  Society. 
Haarlem.     Mus^e  Teyler,     Archives,  2e.  Ser.,  Ire.  Partie.     The  Director. 

Soci^t^  HoUandaise  des  Sciences.  Archives  XV,  3-XVI.  2.  The  Society. 
Hobart  Town.  Royal  Society  of  Tasmania.  Proceedings,  1879.  The  Society. 
Innsbruck.      Ferdinandlum.      Zeitschrift.     3e  Folge,  24es  and  25e8  H.     The 

Director. 
Jena.     Mediciniscb-Naturwissenschaftliche  Gesellschaft.    Zeitschrift,  XIV.  3- 

XV.  2.     The  Society. 
Kansas  C'vy  Review  of  Science  and   Industry,    Dec.  1880-Not.  1881.     The 

Editor. 
Klagenfurt.     Landesmuseum  von  Kiirnten.    JahrbuchXIV.     The  Director. 
Konigsberg.     Physikalisch-okonomische  Gesellschaft,    Schriften   XVIII.   2; 

XIX.  1  and  2 ;  XX.  1,  2|  XXI.  1.     The  Society. 
Lausanne.     Soci^t^  Helvdtique  des  Sciences  Naturelles.     Aotes,  63e  Sea.    The 
Society. 
Soci^t^  Vaudoise  des  Sciences  Naturelles.     Bulletin  Nos.  83  and  84.     The 
Society. 
Leeds.     Philosophical  and  Literary  Society.     ReporU  1879-'80,  1880-'81.    The 

Society. 
Leipzig.     Archiv   fiir   Anatomie  und  Physiologic.     Anatomische  Abth.  1880, 
1  H-1881,  5  H.    Physiologische  Abth.  1880,  6  H.-1881,  6  H.;    Suppl. 
Bd.  1880.     I.  V.  WiUiamson  Fund. 
BotAniscbe  Centralblatt.     Register  1880.     The  Editor. 
Botanisohe  Institut  xii  Tubingen,     Untersuchungen  I,  1.     I.  V.  William- 
son Fund. 
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BoUnische  Jabrbucher,  I,  4-II.  3.     L  V.  Williamson  Fund. 

Furstlicb    Jablonowski'sche  Gesellschaft..      Jabresbericbt,    1881.       Tbe 
Society. 

Jahrbucber  fur  WissensobaftUscbe  Botanik.   XII.  3  and  4.    I.  V.  William- 
son  Fund. 

Journal  fur  Ornithologie.     XXVIII.  2;  XXIX.  3.  I.  V.  Williamson  Fund. 

K.  Sacbsische  Gesellecbaft  der  Wissenscbaften.   Abbandlungeo.  XII.  2a,  5 
and  6.     Berichie.  1880.  1  and  2.     The  Society. 

Morpbologisches  Jahrbucb.     VI.  4-VlL  2.     I.  V.  Williamson  Fund. 

Naturfopscbende  Gesellscbaft.     Sitxungsbericbte,  1879;  1880,  1   and  2. 
The  Society. 

Zeitscbrift  fiir  Krystallograpie  und  Mineralogie.  V.  2-VI.  2.     I.  V.  Wil- 
liamson Fund. 

Zeitscbrift  fur  Wissenscbaftlicbe   Zoologie.     XXXV.  1-XXXVI.  2.     I.  V. 
Williamson  Fund. 

Zoologisober  Anzeiger.  69-96.     Tbe  Editor. 
Lisbon.     Associacao  dos  Engenbeiros  civis   Portuguezas.     Reyista  Nos.  122- 

124,  129-142.     Tbe  Society. 
Liverpool.     Free  Public  Library,  Museum  and  Walker  Art  Gallery,  28tb  an- 
nual report.    Tbe  Trustees. 

Literary  and  Pbilosopbical  Society.     Proceedings,  Nos.  83  and  84.     Tbe 
Society. 
London.     Annals  and  Magazine  of  Natural  History.     Dec.  1880-Not.  1881.     I. 
V.  Williamson  Fund. 

Astronomical  Register,  Dec.  1880-Nov.  1881.     I.  V.  Williamson  Fund. 

Cbemists'  Journal.     III.  65.    Tbe  Editor. 

Curtis' 8  Botanical  Magazine.     Nos.  1126-1187.   I.V.Williamson  Fund. 

Electrician.     VII.  14,  20-26.     Tbe  Editor. 

Entomological  Society.    Transactions,  1880.     Tbe  Society. 

Gardener's  Cbronicle.     Nos.  860-411.     Tbe  Editor. 

Geological  Magazine.     Dec.  1880-Nov.  1881.     I.  V.  Williamson  Fund. 

Geological  Society.     Quarterly  Journal,  No.  144-147  ;  List,  1881  and  Cata- 
logue of  Library.     Tbe  Society. 

Hardwicke's  Science  Gossip,  Dec.  1880-Nov.  1881.     I.  V.  Williamson  Fund. 

Ibis.     Oct.  1880-July  1881.     I.  V.  Williamson  Fund. 

Journal  of  Anatomy  and   Pbysiology,  XV.  2-XVI.  1.     I.  V.  Williamson 
Fund. 

Journal  of  Botany.     Dec.  1880-Nov.  1881.     I.  V.  Williamson  Fund. 

Journal  of  Concbology.     II.  1-12;  III.  2,  8.     Tbe  Editor. 

Journal  of  Pbysiology.     III.   1,   2  and   Supplement.     I.  V.  Williamson 
Fund. 

Journal  of  Science.     Dec.  1880-Nov.  1881.     I.  V.  Williamson  Fund. 

Linnean  Society.    Journal,  Botany,  Nos.  103-107  ;  Zoology,  Nos.  80-83. 
Transactions,  Botany  I.  7-9  ;  Zoology  II.  1.     List,  1879.     Tbe  Society. 

London,  Edinburgh  and  Dublin  Pbilosopbical  Magazine.     Dec.  1880-Nov. 
1881.     I.  V.  Williamson  Fund. 

Mineralogioal  Society  of  Great  Britain  and  Ireland.      Mineralogical  Mag- 
azine I.  19,  20.    Tbe  Society. 

Nature.     Nos.  577-628.     Tbe  Editor. 

Notes  and  Queries.     Nov.  1880-Oct.  1881.     Tbe  Editor. 

Popular  Science  Review.    Jan-Oct.  1881.     I.  V.  Williamson  Fund. 

Quarterly  Journal  of  Micfoscopioal  Science.    Jan. -Oct.  1881.     I.  V.  Wil- 
liamson Fund. 

Royal  Asiatic  Society  of  Great  Britain  and  Ireland.     Journal,  XII.  4-XIII. 
8.    The  Society. 

Royal  Geographical  Society.      Proceedings,  n.  s.  II.  9-III.  8.    Journal, 
Vols.  49  and  50  ;  Index  Catalogue  of  Library.     Tbe  Society. 

Royal  Institution  of  Grei^t  Britain.     {Proceedings,  IX.  8  and  List.    Tbe 
Society. 
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Royal  Microscopical  Society.  Journal,  HI.  6  -rSer.  2,  I.  1-6.  The  Society. 
Royal  Society.     Proceedings  Nos.  197-205.      Philosophical  TraQsaeiions. 

Vols   171  and  172.     The  Society. 
Society  of  Arts.     Journal,  Vol.  28.     The  Society. 
Triibner's  American  and  Oriental  Literary  Record.      Nos.  155-166.     The 

Publishers. 
Zoological  Society.    Proceedings,  1880,  No.  8-1881,  No.  2.     TraDsaotions, 

XI.  3-5.     The  Society. 
Zoologist.     Dec.  1881-Not.  1882.     I.  V.  Williamsoa  Fund. 
London,  Ca.     Canadian  Entomologist,  XII.  II-XIII,  11.      The  Editor. 
LouTain.     University  Catholique.     Annuaire,  45me  Ann^e.    Sixteen  Theses. 

Bibliograpbie  Aoaddmique,  1880.     The  Uniyersity. 
Lubeok.     Naturhistorische  Museum.     Jahresbericht,  1880.     The  Society. 
Luxembourg.     Institut  Royal.     Publications,  T.  18,    The  Society. 
Lyon.     Acsrd^mie  des  Sciences  etc.     M^moires.    Classe  des  Sciences,   XXIV. 
Classe  des  Lettres,  XIX.     The  Society. 
Lypn  Scientifique  et  Industriel,  2e  An.  Nos.  5-8.     Dr.  F.  V.  Hayden. 
Soci^t^  d' Agriculture  etc.     Annales,  5me  Ser.,  II.     The  Society. 
Society  Linn^enne.     Annales,  n.  s,  T.  28.    The  Society. 
Madrid.     Memorial  de  Ingenieros.     An.  36.      No.   22- An.  86,  No.  21.    The 

Editor. 
Manchester  Literary  and   Philosophical  Society,     Proceedings,  Vols.  16-19. 

Memoirs,  VI.     The  Society. 
Metx.     Soci^td  d'Histoire  Naturelle.     Bulletin,  2e  Ser.,  18er  and  14er  Cah. 

The  Society. 
Mexico.     Ministerio  de  Fomento.     Anales,  III,  IV.    Boletin,  1881.    Depart- 
ment of  Works,  Mexico, 
Museo  Nacional.     Anales,  II.  3,  4.     The  Director. 
Revista  cientifica  Mexicana,  I.  12-16.    The  Editor. 
Sociedad  de  Geografia  y  Estadistica  de  la  Republica  Mexicanal    Boletin, 

8a  Ep.  V.  1-11.     The  Society. 
Sociedad   Mexicana  de  Uistoria  Natural.     La  Naturalexa,  IV.  21 -V.  8. 
The  Society. 
Middletown,    Scientific  Association.     Occasional  Papers,  I.     The  Society. 

Wesleyan  Uniyersity  Museum.     10th  annual  report.    The  Curator. 
Milan.     R.  Istituto  Lombardo  di   Scienxe  e  Lettere.     Rendiconti,  Ser.  2a,  XI 
and  XII.     Memoire  XIV.  2.     The  Society. 
Regie    Istituto  lechnioo  superiore.       Relaxione  del  Viaggio  d'Istruxione. 
Programma  1880-81.     The  Society. 
Milwaukee.     Naturhistorische   Verein.    Jahresbericht,   1870-1874,   1880-81. 
Mens.     Soci^t^  des  Sciences,  etc.,  dn  Hainaut.      Memoirs,  4e  Ser.,  T.  4me. 

The  Society. 
Montpellier.  Academic  des  Sciei^ces  et  Lettres.  Memoires,  Section  des  Scienoet, 

IX.  8 ;  X.  1.     Section  de  Medicine,  V.  2.     The  Society. 
Montreal.     Annuaire  de  Ville- Marie,  I.  2.     M.  Huguet-Latour. 
Canadian  Naturalist,  IX.  7  and  8;  X.  1.     The  Editor. 
Numismatic  and  Antiquarian  Society.      Canadian  Antiquarian^  IX.  8  and 
4;  X.  2.     The  Society. 
Moscow.    Soci^t^  Impdriale  des  Naturalistes.     Bulletin,  1879,  No.  2 ;  1880, 

No.  4.     The  Society. 
Munich.     Gesellschaft  fUr  Anthropologic,  Ethnologic  und  Urgesohichte.  Bei- 
trage,  IV.  1-3.     The  Society. 
K.  Sternwarte.     Beobachtungen,  1880.     The  Director. 
K.  B.  Akademie  der  Wissenschafien.     Sitzungsberichte  der  math.  phys. 
Classe  1880.  No.  3-1881,  No.  I.     Abhandlung,  historische  Classe,  XV.  2, 
3 ;  philos-philol.    Classee  XV.  1-3 ;   mathem-physikal.   Classe,   XIII. 
3.     The  Society. 
Miinster.     Westfaliscben    Proyinzial-Verein   fiir    Wiasenachaft    und    Kanii. 
Jahresbericht,  Ser  and  9er.    The  Society. 
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Nancy.     Sooi^U  des  Sciences.     Bulletin,  8er.  2.  T.  III.  10-12.     The  Soeiety. 
Naples.     R.   Istituto  d'Incoraggiamento  alle  Hcienze  naturali,  eoonomiche  e 

technologisohe.     Atti,  XV.  XVII.     The  Society. 
Neubrandenburg.     Verein  der  Freunde  der  Naturgeschichte  in  Mecklenburg. 

ArchiT,  33er  and  84er  Jahrg.     The  Society. 
Neuchatel.     Soci^t^  des  Sciences  Naturelles.     Bulletin,  XII.  1.      The  Society. 
Newcastle-upon-Tyne.     North  of  England  Institute  of  Mining  and  Mechanical 

Engineers.    Transactions,  General  Index,  Vols.  1-25.    The  Society. 
New  Haven.    American  Journal  of  Science,   Dec,   1880-Noy.   1881.      The 
Editor. 
Connecticut  Academy  of  Arts  and  Sciences.     Memoirs,  I.  3  and  4.    The 

Society. 
Yale  College.     Scheffield  Scientific  School.     Annual  Reports,  2-11.     Cat- 
alogue, 1881-82.    The  Trustees. 
New  York.     Academy  of  Sciences.     Annals,  II.  1-6.     Transactions,  1881-82. 
The  Society. 
American  Chemical  Society.    Journal,  II.  8.     The  Society. 
American  Geographical  Society.     Bulletin,  1880,  No.  2-1881,  No.  1.    The 

Society. 
American  Journal  of  Microscopy.     V.  ll-VI.  8.     The  Editor. 
American  Monthly  Microscopical  Journal,  II,  I-IO.     The  Editor. 
American  Museum  of  Natural  History.    2d,  9th  and  12th  annual  reports. 

The  Trustees. 
Forest  and  Stream.     XV.  18-XVII.  17.     The  Editor. 
Index  Medicus.  II.  12  and  Index.     Wm.  S.  Vaux. 
Journal  of  Comparative   Medicine  and  Surgery.     II.  1,  3  and  4.     The 

Editor. 
Library  Journal.    V.  ll-VI.  10.     I.  V.  Williamson  Fund. 
Lyceum  of  Natural  History.     Annals,  X.  12,  13,  XI.  7  and  8.     Proceed- 
ings, I.  pp.  287,  June  1,  1874.    The  Society. 
Monthly  Index  to  current  periodical  literature.     II.  l-III.  5. 
New  York  Medical  Eclectic,  Nov.  1880,-Sept.  1881.    The  Editor. 
New  York  Medical  Journal,  XXXII.  12-XXXIV.  6.    The  Editor. 
Papilio,  I.  9.     The  Editor. 

Popular  Science  Monthly.     Jan  -Dec.  1881.     The  Editor. 
Science.     Nos.  23-74.     The  Editor. 
The  Sea  World.     III.  9.     The  Editor. 

Torrey  Botanical  Qub.     Bulletin,  VII.  ll-VIII.  11.    The  Society.  ^ 
Normal.     Illinois  State  Laboratory  of  Natural  History.     Bulletin,  Nos.  2  and 

8.     The  Director. 
Offenbach  am  Main.      Verein  filr  Naturkunde.     Bericht,  19er-21er.      The 

Society.  ' 

Orleans.      Soci^t^    d' Agriculture,  Sciences,    etc.     M^moires,  XXI.    4.    Th« 

Society. 
Palermo.     II  Naturalista  Sioiliano,  Anno  I.  1.     The  Edit-or. 
Paris.    Academic  des  Sciences.    Comptes  Rendus,  Vol.  90.     The  Society. 

Annales  des  Mines.  7me  Ser.  XVII.  5-XIX.  8.  Minister  of  Public  Works, 

France. 
Annales  de  philosophie  chr^tienne,  51e  ann^e.    The  Editor. 
Annales  des  Sciences  Geologique,  XI.  3-6,  title  etc.     The  Editor 
Annales  des  Sciences  Naturelles.     Zoologie  et  Paleontologie,  X.  1-XI,  4. 

Botanique.     X,  2-XI.  6.     I.  V.  Williamson  Fund. 
Archives  de  Zoologie,  experimentale  et  g6n4rale.     1880,  No.  4-1881,  2. 
^  I.  V.  Williamson  Fund. 

Ecole  polytechnique.    Journal,  T.  29me.     The  Director. 
JourniU  de  Conchyliologie,  XX.  4-XXI.  2.     The  Editor. 
Journal  de  Micrographie,  5me  Annde.     Nos.  1-5.    The  Editor. 

d5 
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Museum  d'Historie  NatureUe.     NouTelles  Arohiyes,  SmeSer.  III.  1  and  2. 

Rapports,  1880.    The  Direoton. 
BeTue  Internationale  dee  Sciences.      8e  Ann^e  ll-4e  Ann^e  10.     The 

Editor. 
Reyne  Soientifique  de  la  France  et  de  Tfitranger.     lOme,  An.  21--T.  28, 

No.  20.     The  Editor. 
Soci^t^  d'Aoclimatation.     Bulletin,  Sept.  1880-Aout.  1881.    The  Sooietj. 
Soci6te  Botanique  de  France.     Bulletin,  T.  27.     Comptes  Rendus,  4-^ 

Ses.  Ext.  a  Anrillac,  eta  Bajonne.     Key.  Bibl.,  A-£.   Index  etc.  T.  28. 

Comptes  Rendus,  1-8.    The  Society. 
QociM  Entomologique  de  France.     Annales.  X.  1-4.    The  Society. 
Soci^t^  Qeologique  de  France.     Bulletin,  VIII.   Feuille,  18-IX.  5.    The 

Society. 
Soci6l4  Mineralogique  de  France.    Bnlletin,  I.-IV.  5.    The  Society. 
Soci^t^  Nationale  d' Agriculture  de  France.     Bulletin,  1880,  No.  7-1881, 

No.  7.    The  Society. 
Soci^t<  Zoologique.     Bulletin,  1880, 1-1881,  2.     The  Society. 
Penzance.    Royal  Geological  Society  of  Cornwall.    Transactions,  IX ;  Index, 

X,  1,  2  and  8.     The  Society. 
Philadelphia.     The  American,  I,  18;  III,  66-68.    The  Editor. 

Am.  Entomological  Society.    Transactions,  VIII,  8-IX,  1.    Proceedings, 

Jan.,  1881.    Entomological  Section  of  the  Academy. 
Am.  Journal  of  Medical  Science,  Jan.-Oct.,  1881.    The  Editor. 
Am.  Journal  of  Pharmacy,  Dec,  1880-Noy.,  1881.     The  Editor. 
Am.  Naturalist,  Jan.-Noy  ,  1881.    The  Editor. 
Am.  Pharmaceutical  Association.      Proceedings,  28th  annual  meeting. 

The  Society. 
Am.  Philosophical  Society.    Proceedings,  Nos,  107  and  108.   Transactions, 

XV,  3.    The  Society. 
The  Dental  Cosmos,  Dec.,  1880-Nov.,  1881.     The  Editor. 
Franklin  Institute.    Journal,  Dec,  1880-Noy.,  1881.    The  Society. 
Gardener's  Monthly,  Dec,  1880-Noy.,  1881.    The  Editor. 
Historical  Society  of  Pennsylyania.    PennsyWania  Magasine,  IV,  4-V,  8. 

The  Society. 
Medical  News  and  Abstract,  Nos.  457-467.     The  Editor. 
Naturalists'  Leisure  Hour,  Dec,  1880-Sept.,  1881.    The  Editor. 
Stoddart's  Reyiew,  Nos.  20-30.     The  Editor. 
Ziologioal  Society.     Annual  report,  9th.    The  Society. 
Pisa.     Nooyo  Giornale  Botanico  Italiano,  XII,  4-XIII,  1. 
Societa  Malaoologia  Italiano.     BuUetino,  IV,  21-VI,  18. 
Socteta  Toscana  di  Scienze  Naturali.    Adnnanza,  14  Noy.,  1880-8  May, 

1881.     Memorie,  IV,  2.     The  Society. 
Portland.     Society  of  Natural  History.     Proceedings,  18th  meeting.     The 

Society. 
Poughkeepsie.     Society  of  Natural  Sciences.    Proceedings,  Oct.  1,  1879-JuIt 

1,  1880.    The  Society. 
Prag.     K.  B.  Gesellscbaft  der  Wissensahaften,  Sitsungsberichte,  1879,  1880. 

Jahresbericht,  1879,  1880.     Abhandlungen,  lOer  Bd,    The  Society. 
Princeton.     E.  M.  Museum  of  Geology  and  Archeology  of  the  College  of  New 

Jersey.     Contributions.  I,  1.     The  Director. 
Quebec     Literary  and  Historical  Society.    Sessions  of  1880-81.     The  Society. 
Regensburg.    K.  B.  Botanische  Gesellschaft.    Flora,  88er  Jahrg.    The  Society. 
Zoologisch-mineralogische  Verein.   Correspondena-Blatt.  84er  Jahrg.   The 

Society. 
Rochester.     Academy  of  Sciences.    Catalogue  of  exhibits,  June  20, 1881.    The 

Society. 
Ward's  Natural  Science  Bulletin,  I,  1.    The  Editor. 
Rome.    R.  Accademia  del  Lincei.     Atti,  V,  1-14.    The  Society. 
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Rotterdam.    Sooi^t^  BataTe  de  Philosophie  exp^rimentale.    Programme,  1880. 

The  Society. 
St.  Qallen.    NaturwisBeDschaftUche  Oesellschaft.    Bericht,  1878,  1879.     The 

Society. 
St.  Louis.     The  Valley  Naturalist,  II,  1-4.    The  Editor. 
St.  Petersburg.    E.  Akademie  der  Wisseoschaften.    Repertorium  fUr  M^teor- 
ologie,  Bd.  VII,  1,  and  supplement.    Band  II,  with  folio  atlas.     M6m- 
oires,   XXVII,   6-XXVIII,   2.      BuUetin,  XXVI,  2-XXVII,  2.      The 
Society. 
HortuB  Petropolitanus.     Acta  VII,  1.    The  Society. 
Physikalische  ObserTatorium.    Annalen,  1879,  1  and  2.    The  Director. 
Salem.    Essex  Institute.     Bulletin,  XII,  7-XIII,  9.    The  Society. 

Peabody  Academy  of  Sciences.     Memoirs,  I,  5  and  6.     The  Society. 
San  Francisco.     California  Academy  of  Sciences.     Proceedings,  Dec.  6,  1880 

and  June  6,  1881.    Memoirs,  I,  2.     The  Society. 
Santiago  de  Chile.    UniTcrsidad  de  Chile.    Anales,  le  Sec.  Julio,  1879-Junio, 

1880;  2e  Sec.  Feb.,  1879-Junio,  1880.     The  UniTersity. 
Staunton.     The  Virginias,  I,  11-11,  10.    The  Editor. 
Stettin.    Entomologische  Verein.     Zeitung,  Jahrg  ,  41.    The  Society. 
Stockholm.     Entomologisk  Tidskrift,  I,  »  and  4.    The  Editor. 
Stuttgart.     Kosmos,  V,  1-7.     I.  V.  Williamson  Fund. 

Neues  Jahrbuch  fiir  Mineralogie,  Geologic  und  Palaeontologie,  1880,  11, 

2-1881,  II,  2.     The  Editor. 
Verein  fiir  Taterlandische  Naturkunde  in  Wiirttemberg.     Jahreshefte, 
37er  Jahrg.     The  Society. 
Sydney.     Linnean  Society  of  New  South  Wales.     Proceedings,  V,  VI,  1  and  2. 
The  Society. 
Royal  Society  of  New  South  Wales.    Journal  and  Proceedings,  Vol.  XIII. 
The  Society. 
Topeka.     Kansas  Academy  of  Sciences.     Transactions,  VII.     The  Society. 
Turin.    Accademia  Reale  delle  Scienze.    Atti  XIII,  1-8 ;  XIV,  1-7  ;  XV,  1-8 ; 
XVI,  1-4.     Memoria,  Ser.  2a,  T.  29-38.    The  Society. 
Regio  OsserTatorio  della  Regia  UniTcrsita.    Bulletino,  Anni  12-14.    The 
Director. 
Toronto.    Entomological  Society.    Annual  report,  1880.     The  Society. 
Toulouse.     Academic  des  Sciences,  etc.    M6moires,  II,  2.    The  Society. 
Trieste.      Societa  Adriatica  di  Scienze  Naturali.      BoUettina,  VI,  1.      The 

Society. 
Tromso.     Museum.    Aarshefter  III.     The  Director. 
Throndhjem.      E.   N.   Videnskabers  Selskab.      Skrifter  1S78,   1879,      The 

Society. 
Utrecht.     K.  Nederlandsch  Meteorologisch  Instituut.    Jaarboek,  1880.    The 

Director. 
Venice.    R.  Institute  Veneto  di  Scienze.  Lettere  ed  Arti.    Atti,  III,  8 ;  IV ;  V, 

1,  2,  4-10 ;  VI,  1-9.     The  Society. 
Vienna.      Aathropologische    Gesellschaft.      Mittheilungen,   X,   8-12.      The 
Society. 
E.  Akademie  der  Wissenschaflen.     Sitzungaberichte,  Mathem.-naturw. 
Classe.    Bd.  79,  I,  1-Bd.  88,  III,  2.    Register,  1876-80.    Denkschriften, 
Bd.  81,  40  and  42.    The  Society. 
E.  E.  Geologische  Reichsanstalt.    Jahrbuch,  1880,  4-1881,  1.    Verhand- 

lungen,  1880,  12-1881,  7.     The  Director. 
E.  E.  Zoologisch-botanisohe  Gesellschaft.    Verhandlungen,  XXX.    The 
,,  Society. 
Osterreichische  Gesellschaft  fur  Meteorologie.    Zeitschrift,  XV.     Dr.  F. 

V.  Hayden. 
Verein  sur  Verbreitnng  naturw.  Eenntnisse.      Schriften,   XXI.      The 

Society. 
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